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Response to USEPA’s April 14, 2017 Comments on the Draft OU3 Remedial Investigation 
Report, Shieldalloy Metallurgical Corporation Superfund Site, Newfield, New Jersey 

 
 
General Comments: 
 
1.  Comment: Based on information presented, EPA concurs that the report presents a reasonable 

and correct characterization of perchlorate contamination in various media at and emanating 
from the site, and that it is appropriate that the focus of the RI be on groundwater to evaluate 
perchlorate prevalence. 

 
Response: Agreed and noted. 

 
2.  Comment: In the discussion of soil sampling result (Section 2.3), a sentence or two should be 

added about how on-site concentrations compared to background. 
 

Response: Several sentences comparing the potential on-site source areas with the 
background location have been added to Section 2.3 on page 2-7. 

 
3.  Comment: The shallow, intermediate and deep zones for the groundwater should be defined. 
 

Response:  A discussion of the shallow, intermediate and deep groundwater zones has been 
added to the Local Hydrogeology of Section 1.5 on page 1-9. 

 
 
Specific Comments: 
 
1. Section 1.3, Site History, 1st Paragraph, Page 1-3 

 
Comment: Please change premise to premises. 
 
Response:  The change has been made to this section of the report. 

 
2. Section 1.4, Historic Site Investigation, Page 1-3 and 1-4 
 

Comment: 1st Paragraph- Please include a sentence that the site was NJDEP lead until EPA 
took it over in 2010. Without this information the history is a bit confusing. 
 
Response:  The requested information has been added to Section 1.4. 
 
Comment: 4th and 5th bullets, Page 1-4 Please include the fact that the ROD was the OU2 
ROD and that surface water was also included. 
 
Response:  The requested changes to the referenced bullets have been made on page 1-4. 
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Comment: 7th bullet, Page l-4 Please revised to say: EPA issued a Proposed Plan for amending 
the groundwater treatment in July 2015. 
 
Response:  The requested change has been made. 

 
3. Section 1.4, Historic Site Investigation, 2nd Paragraph Page 1-6 
 

Comment: In the discussion on Burnt Mill Pond (BMP), please revised to more clearly state 
that there are no unacceptable risks from exposure to BMP sediments, as concluded in the OU2 
RI/FS and supporting Human Health Risk Assessment and Baseline Ecological Risk 
Assessment and the subsequent rounds of sediment data. 
 
Response:  The requested clarification regarding the lack of unacceptable risks from 
exposure to Burnt Mill Pond sediments has been added to the text of Section 1.4 that 
discusses sediment results. 

 
4. Section 2.1, Summary of Historic Perchlorate Monitoring Results, Page 2.2 
 

Comment: Since 2010, no other sampling for perchlorate has been conducted at the site; 
between the present and the last sampling event, groundwater travel times of six to seven years 
are long enough to allow for appreciable advective transport, most notably at the downgradient 
end of the plume. Consequently, it is recommended that wells in the network, particularly near 
the downgradient end, should be appropriately sampled, to determine the most current 
perchlorate distribution in the aquifer, and to support required fate and transport analysis. A 
work plan for additional sampling of the groundwater should be provided with the next 
deliverable, the Candidate Technologies Memorandum.  Any proposed pilot/treatability 
activities should also be included in the work plan. 
 
Response:  Agreed.  TRC will include a work plan for updated additional groundwater 
sampling with the Candidate Technologies Memorandum.  Furthermore, proposed 
pilot/treatability study activities will be included in the work plan.  No changes to the report 
text are necessary. 

 
5. Section 2.3, Soil Sampling, Page 2-1 and Section 2.5, Groundwater Sampling, Page 2.9 

 
Comment: In the on-site area west and southwest of the Former Chemical Storage Building, 
south of the Former Furnace Building, and in the center of Former Lagoon Area near the 
storage pad and drainage swale, sampling of shallow groundwater was not conducted except in 
peripheral areas in accordance with the approved OU3 RI work plan. The soil sampling events 
have indicated that non-detect to low concentrations of perchlorate were detected in soils in 
and adjacent to these former structures. Although the report indicates that a soil.mass 
flux/groundwater mass balance calculation was performed to determine if the residual 
perchlorate contamination in the soil could impact the underlying groundwater with perchlorate 
concentrations exceeding 5 ppb over a long-term period (and determined that there is no 
indication of such), a determination of the nature and extent of contamination of perchlorate (or 
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of any COC) must be based on groundwater sampling. As such, since additional monitoring 
wells were installed in these areas as part of the OU1 treatability studies, selected wells should 
be sampled to confirm groundwater quality near aforementioned former structures. 
 
Response:  Agreed.  TRC will include a list of select OU1 treatability study wells to be 
sampled in these potential source areas in the work plan referenced in the response to 
Specific Comment #4 above.  No changes to the report text are necessary. 

 
6. Section 2.5.4, 2009 Groundwater Sampling Event, 1st Paragraph, Page 2.9 
 

Comment: The statement is made that "there is evidence of a regional perchlorate groundwater 
issue", however, the concentrations are well below the highest detected in the most affected 
portions of the plume. More discussions on the background upgradient groundwater 
monitoring wells, W3D and OBS-2A should be included in the report. The discussion should 
identify the potential existence of pumping wells that may be drawing contaminated 
perchlorate groundwater from the site upgradient and thereby impacting concentrations in 
wells, W3D and OBS-2A. 
 
Response:  Additional information on upgradient pumping wells has been included in this 
section of the report to clearly illustrate that groundwater from the Site is not being captured 
and drawn upgradient by the pumping wells.  Also, a new figure has been added (Figure 2-
10) which shows the location of the pumping wells relative to well OBS-2A and the Site 
boundary. 

 
7. Section 3, Fate and Transport Groundwater Sampling Event, Paragraph 1, Page 3-2 
 

Comment: The RI should include more information on regional fertilizer use as a potential 
source of regional perchlorate. It is not sufficient to reference information from the SCSR. The 
RI should be a stand-alone document, and a topic as significant as the regional use of 
perchlorate should be fully presented in this report. 
 
Response:  Section 3 has been revised to include details on regional fertilizer use and the 
potential for a regional groundwater perchlorate issue. 

 
8. Section 4.0, Baseline Human Risk Assessment, Table, Page 4-2 and 4-3 
 

Comment: Please include the actual HQ values in the table for all receptors. 
 
Response:  The actual HQ values have been added to the referenced table. 
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9. Section 4.1, Preliminary Remediation Goal Development, Page 4-3 
 

Comment: This section when it is included in the FS will required more details. As it is now, it 
basically leaves it to the reader to interpret Table 4-1. The content of Table 4-1 should be 
discussed in more details. 
 
Response:  More detail has been added to the text of Section 4.1 to more fully explain the 
content of Table 4-1. 

 
10. Section 6.0, Conclusion, Page 6-3 
 

Site Characterization 
 
Comment: The statement is made that as a result of other remedial actions at the site, "a deed 
restriction prohibiting future residential development will be applied to the site." Please 
reference that this decision was documented the OU2 Record of Decision signed September 
2014. 
 
Response:  This information has been added to the text in the Baseline Human Health Risk 
Assessment section of Section 6.0. 
 
Baseline Human Health Risk Assessment 
 
1st Paragraph 
Comment: Please note that land use/zoning and groundwater classification are two separate 
issues. If the state has designated the groundwater as a 2A potable aquifer, then this is the 
ARAR and the groundwater must be protected and restored to that classification. The land use 
or zoning has no significance on this. 
 
Response:  The text has been modified to reflect this point.  A discussion of land use/zoning 
has been retained, as this is important to document that there are no current exposures to 
groundwater.  A separate paragraph has been added to discuss the impact of the 
classification of the aquifer on remediation. 
 
2nd Paragraph 
Comment: This entire paragraph requires revision to more accurately reflect the state use 
designation of the aquifer, and the requirement in the NCP Preamble that groundwater be 
restored to its most beneficial use. 
 
Response:  A new paragraph has been added to the end of the Baseline Human Health Risk 
Assessment section of Section 6.0 to reflect these points. 
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EXECUTIVE SUMMARY 
 

This Remedial Investigation (RI) Report describes the investigation of perchlorate in 
various environmental media and evaluation of associated risks under Operable Unit 3 (OU3) at 
the Shieldalloy Metallurgical Corporation (SMC) Superfund Site (the Site) located in Newfield, 
New Jersey.  Impacts to environmental media by other constituents of concern are being 
addressed separately under Operable Unit 1 (OU1) and Operable Unit 2 (OU2).  The RI for OU3 
was conducted in accordance with the requirements of the New Jersey Department of 
Environmental Protection (NJDEP) 2006 Administrative Consent Order (ACO) and the 2010 
Shieldalloy Administrative Settlement Agreement and Order on Consent for Remedial 
Investigation/Feasibility Study (SMC-AOC), which, in part, required SMC to remediate 
perchlorate-contaminated groundwater at and emanating from the Site to a level of 5 micrograms 
per liter (µg/L) [or parts per billion (ppb)] or, if a different regulatory standard for perchlorate is 
adopted and the codified concentration limit is higher than 5 ppb, to that different regulatory 
standard.   

 
Site Location 
The manufacturing portion of the SMC facility is located at 35 South West Boulevard, 

and is located primarily within the Borough of Newfield, Gloucester County, New Jersey, 
although the southwest corner of the facility is located in the City of Vineland, Cumberland 
County, New Jersey. The manufacturing portion of the facility and associated support areas 
comprise approximately 67.5 acres.  The coordinates of the center of the manufacturing portion 
of the Site are 39°32’27.6” North latitude and 75°01’06.7” West longitude.  SMC also owns 19.8 
acres of farmland (Farm Parcel), located approximately 2,000 feet southwest of the main facility 
in Vineland.  The Hudson Branch, an intermittent stream, runs along the southern edge of the 
manufacturing portion of the facility and discharges to Burnt Mill Pond.   

 
Site History 
The manufacturing portion of the Site has a lengthy industrial history, beginning with 

glass manufacturing in the early 1900s.  SMC first occupied the Site in 1952, operating a 
specialty metal plant producing chromium alloys, ferro-alloys, and other metallic products.  
Potassium perchlorate was used as an oxidizer in the on-site furnace to increase temperature and 
enhance furnace performance.  The RI focused on historical perchlorate usage and storage areas, 
including a Former Chemical Storage Building and adjacent unpaved road, and the location of 
the furnace in which the perchlorate was used, former Building D102(A).  An area of former 
lined and unlined wastewater treatment lagoons, a possible discharge point of historical liquid 
wastes, was also investigated for potential perchlorate impacts.  SMC’s active manufacturing 
operations at the Site ceased in 2007.  The manufacturing portion of the Site is currently used for 
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general warehousing/leasing and administrative purposes.  Current and historical use of the Farm 
Parcel, southwest of the manufacturing facility, is agricultural; the Farm Parcel was never used 
for manufacturing. 

 
OU3 Remedial Investigation 
Soil, sediment, surface water and groundwater quality were evaluated during the OU3 RI 

through the collection and analysis of samples from the various media.  A preliminary screening 
of the perchlorate levels detected in the soil, sediment, surface water and groundwater samples 
against applicable screening levels identified exceedances of those values in groundwater 
samples only.  Perchlorate is a contaminant for which there currently are no promulgated 
standards (e.g., no federal or New Jersey state drinking water standard, final groundwater quality 
standard, or soil, sediment or surface water standards); therefore, no applicable or relevant and 
appropriate requirements (ARARs) were identified for perchlorate in these media.  The screening 
levels considered in the RI in the analysis of groundwater samples include the U.S. 
Environmental Protection Agency’s (EPA’s) Interim Health Advisory level of 15 ppb for 
perchlorate, the NJDEP’s interim groundwater quality standard of 5 ppb and the 5 ppb level 
prescribed in the SMC-AOC.  The screening levels considered in the analysis of soil samples 
include the EPA Regional Screening Levels (RSLs) for perchlorate in residential soil (55,000 
micrograms/kilogram (µg/kg) or ppb) and industrial soil (720,000 ppb).  Each of these screening 
levels are “to-be-considered” (TBC) criteria under Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) guidance.   

Since only the groundwater screening levels were exceeded, the RI focused on the 
delineation of the nature and extent of perchlorate in the groundwater.  The EPA-approved Site 
Characterization Summary Report (TRC, 2011a) concluded that the characterization of 
perchlorate levels in on-site and off-site monitoring wells and extraction wells indicate a sinking 
perchlorate plume migrating in a southwesterly direction under the influence of advective 
groundwater transport and a downward hydraulic gradient.  Based on the most conservative TBC 
level (the New Jersey ACO level of 5 ppb), the extent of the perchlorate plume was well defined 
by the perchlorate groundwater RI results.   

 
Risk Assessment 
Human and ecological exposures to the environmental media under baseline site 

conditions (i.e., in the absence of any remedial action or control, including institutional controls) 
were further evaluated as part of the Baseline Human Health Risk Assessment (BHHRA) and the 
Screening Level Ecological Risk Assessment (SLERA). 
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Baseline Human Health Risk Assessment 
The EPA-approved BHHRA evaluated potential risks to Future On-Site 

Construction/Utility Workers, Future On-Site Commercial/Industrial Workers, Future On-Site 
Residents (Adult and Child), Future Off-Site Residents (Adult and Child) and Future Farm 
Parcel Residents (Adult and Child) from ingestion of and/or dermal contact with perchlorate in 
groundwater.  Because detected concentrations of perchlorate in soil, sediment and surface water 
were below EPA RSLs, none of these media were retained for further evaluation in the BHHRA.  
For the evaluation of groundwater, only non-cancer risks associated with groundwater exposures 
were evaluated, as perchlorate is not a carcinogen.  EPA’s non-cancer reference level of unity (1) 
was used to evaluate the calculated perchlorate hazard quotients (HQs).  Under EPA guidance, 
an exceedance of the reference level of 1 indicates there may be concern for potential non-cancer 
health effects.  The BHHRA determined that the non-cancer HQ associated with exposures to 
perchlorate in groundwater exceeds EPA’s non-cancer HI reference level of 1 under the 
following exposure scenarios: 

 
• Shallow On-Site Groundwater – Future Child Resident 
• Off-Site Deep Groundwater – Future Adult and Child Resident 
• Farm Parcel Intermediate Groundwater – Future Child Resident 
• Farm Parcel Deep Groundwater – Future Adult and Child Resident 
 
Based on these risk scenarios, a site-specific, risk-based preliminary remediation goal 

(PRG) of 14 ppb was calculated for perchlorate in Site groundwater. 
 
Screening-Level Ecological Risk Assessment 
The EPA-approved SLERA included an evaluation of potential exposure routes and 

community level and population level endpoints requiring assessment for both terrestrial and 
aquatic (Hudson Branch) habitats.  The assessment endpoints selected for the OU3 SLERA were: 
1) fish community richness and abundance; 2) aquatic macroinvertebrate community diversity 
and abundance; 3) amphibian survival, reproduction and growth; 4) terrestrial plant survival and 
growth; 5) soil invertebrate community diversity and abundance; 6) avian terrestrial herbivore 
survival, reproduction and growth; and, 7) mammalian terrestrial herbivore survival, 
reproduction and growth.  Screening-level ecological effects were characterized by establishing 
ecological toxicity reference values (TRVs) that represent conservative thresholds for adverse 
ecological effects consistent with the assessment endpoints.  Quantitative risk estimates were 
then calculated using the HQ approach, where the HQ is expressed as the ratio of the perchlorate 
exposure estimate, represented by the maximum environmental media concentration or the 
maximum estimated exposure dose for the wildlife indicator species, to the perchlorate 
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ecotoxicity benchmark (i.e., the TRV).  If the calculated HQ is one or less, then it is unlikely that 
perchlorate will result in an adverse effect on that measurement receptor.   

The maximum surface water, sediment and soil perchlorate concentrations were well 
below the applicable TRVs.  Therefore, based on the analysis of the seven selected 
indicators/endpoints in the OU3 SLERA for the terrestrial and aquatic habitats provided by the 
SMC facility and the adjacent Hudson Branch, the results indicate that maximum detected 
concentrations of perchlorate in surface soil, surface water, and sediment are unlikely to pose a 
risk to the terrestrial and aquatic communities present.  In accordance with EPA risk assessment 
procedures, no further evaluation of perchlorate risks to ecological receptors at the Site is 
warranted.   
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1.0 INTRODUCTION 

1.1 Purpose 

A Remedial Investigation (RI) and Feasibility Study (FS) (collectively, RI/FS) is being 

conducted for perchlorate impacts to various environmental media under Operable Unit 3 (OU3) 

at the Shieldalloy Metallurgical Corporation (SMC) Site (the Site) located in Newfield, New 

Jersey.  Other environmental impacts to groundwater are being addressed separately under 

Operable Unit 1 (OU1) while other environmental impacts to soil, sediment and surface water 

are being addressed separately under Operable Unit 2 (OU2).  The RI/FS for OU3 is being 

performed by TRC Environmental Corporation (TRC) in accordance with the requirements of 

the New Jersey Department of Environmental Protection (NJDEP) Administrative Consent Order 

(ACO, dated February 1, 2006), which, in part, required SMC to remediate perchlorate-

contaminated groundwater at the Site to a level of 5 micrograms per liter (µg/L) or parts per 

billion (ppb) or to a higher concentration limit, if so adopted by that regulatory agency (NJDEP, 

2006).  The RI was also conducted in accordance with the requirements of the subsequent April 

28, 2010 Shieldalloy Administrative Settlement Agreement and Order on Consent for Remedial 

Investigation/Feasibility Study (SMC-AOC) between SMC, TRC and the United States 

Environmental Protection Agency (EPA).  These requirements include, specifically, the OU3 

portions of the SMC-AOC and the Scope of Work (SOW) contained therein relating to the RI 

and FS for perchlorate contamination.   

Under the SMC-AOC, following the completion of the Site Characterization Summary 

Report (SCSR) (TRC, 2011a), Baseline Human Health Risk Assessment (BHHRA) (TRC, 

2014a) and Screening Level Ecological Risk Assessment (SLERA) (TRC, 2013a), the RI Report 

must be prepared.  EPA’s approval of the BHHRA was received via a letter dated June 15, 2016.  

The RI Report summarizes information previously generated in the SCSR, BHHRA, and SLERA 

and provides the basis for the FS.  Following the completion of the FS, a Proposed Plan and 

Record of Decision (ROD) will be developed to document the final selected remedy for the Site.  

Public comments on the proposed remedy are considered during the ROD process.  

 

1.2 Site Location and Description 

The SMC facility is located at 35 South West Boulevard, which is primarily within the 

Borough of Newfield, Gloucester County, New Jersey.  The southwest corner of the 
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manufacturing portion of the facility is located in the City of Vineland, Cumberland County, 

New Jersey. The manufacturing portion of the facility and associated support areas comprise 

approximately 67.5 acres.  SMC owns 19.8 acres of farmland (Farm Parcel), located about 2,000 

feet southwest of the main facility in Vineland.  The Farm Parcel was never used for 

manufacturing or related activities. A site location map (Figure 1-1) illustrates the locations of 

these two parcels. 

The remnants of an historical rail spur, woods, a closed municipal landfill, and farmland 

bound SMC’s manufacturing parcel to the north, with railroad lines and South West Boulevard 

along the western boundary. Wooded vegetation, residences, and small businesses abut the Site 

to the east, along with the headwaters of the Hudson Branch.  The Hudson Branch, associated 

wetlands, and an unnamed pond form the southern property boundary, with residences located 

along Weymouth Road, south of the Hudson Branch. The area surrounding the Farm Parcel 

includes residences, wooded properties, and farmland, with North West Avenue forming the 

southwest boundary of the parcel. 

The SMC manufacturing facility is secured with steel-wire fencing. The Farm Parcel is 

unsecured, with access from an unpaved road off of North West Avenue. 

 

1.3 Site History 

The Site has a lengthy manufacturing history, with Durand & Wilcox Glass Co. as its 

first occupant in the early 1900s, and Specialty Glass Corporation, manufacturer of doorknob 

tops, console bowls, and candle sticks, operating on the premises through about 1947 (TRC, 

2005). In 1952, SMC first occupied the Site and operated a specialty metal plant producing 

chromium alloys, ferro-alloys, and other metallic products. Production activities included 

processing ores and degreasing operations to clean metal beginning circa 1965 (TRC, 1992). 

Historically, untreated wastewater was discharged to an unlined lagoon in the 1960s to 1971, 

until replaced with lined lagoons that received treated wastewater.  Other operational by-

products included slag and baghouse dust from metal alloy smelting.  Additional historical areas 

of concern (AOCs) include permanently closed-out diesel and gasoline underground storage 

tanks (USTs).  
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Site manufacturing operations ceased in 2007.  The manufacturing portion of the Site is 

currently used for general warehousing/leasing and administrative purposes.  Current and 

historical use of the Farm Parcel, southwest of the manufacturing facility, is agricultural. 

 

1.4 Historic Site Investigations 

Environmental investigations at SMC’s facility began in the early 1970s, after the 

discovery of hexavalent chromium in a nearby municipal supply well triggered studies 

evaluating the potential environmental impacts associated with SMC’s operations.  In 1983, the 

facility was listed by the EPA as a Superfund Site as a result of the discovery of the hexavalent 

chromium.  The NJDEP was the lead agency for the Site until 2010 when the lead was 

transferred to the EPA.  Constituents of concern (COCs) in the various media at the Site were 

subsequently expanded to include metals (mainly chromium), volatile organic compounds 

(VOCs) (mainly trichloroethene [TCE]), and to a lesser extent, semi-volatile organic compounds 

(SVOCs), pesticides, and polychlorinated biphenyls (PCBs). Consequently, the Site has an 

extensive site characterization history, including soil, groundwater, sediment and surface water 

investigations and remedial activities, which are chronologically summarized below: 

 
• SMC installed an 80 gallon per minute (gpm) groundwater pump and treat 

remediation system in 1979; 
 
• SMC installed a 400 gpm groundwater pump and treat remediation system to 

control off-site migration of hexavalent chromium under an October 1988 NJDEP 
ACO; 

 
• RI/FS Technical Report (TRC, 1992); 
 
• Final Focused (Groundwater) Feasibility Study (TRC, 1994); 
 
• Characterized, remediated, and closed nine wastewater treatment lagoons from 

1994 to 1997 (TRC, 2000); 
 
• Draft Final FS Report (Soil, Surface Water and Sediment) (TRC, 1996); 
 
• ROD in 1996 for the groundwater operable unit;  
 
• Investigation of plume geometry through vertical profiling as part of the 2002 

Off-Site Groundwater Investigation; 
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• Further investigation of plume geometry through vertical profiling and monitoring 
well installation as part of the 2006/2007 Supplemental Off-Site Groundwater 
Investigation (TRC, 2007); 

 
• Further refinement of VOCs in groundwater included in the Supplemental RI 

(TRC, 2011b); 
 
• Additional soil, surface water and sediment studies which resulted in a OU2 RI 

report (TRC, 2013b) and a FS (TRC, 2014b); 
 
• EPA issued a ROD for OU2 for soil, surface water and sediment in September 

2014 (EPA, 2014a); 
 
• EPA provided an administrative order on consent for the soil, surface water and 

sediment remedial design in March 2015; 
 
• Preparation of a groundwater FFS in March 2015 (TRC, 2015a); 
 
• EPA issued a Proposed Plan for amending the groundwater treatment in July 2015 

(EPA, 2015a); 
 
• EPA issued a ROD Amendment for groundwater treatment in September 2015 

(EPA, 2015b); 
 
• A pre-design soil and sediment results report was submitted in November 2015 

(TRC, 2015b) 
 
The results of these characterization activities and an evaluation of associated remedial 

alternatives are presented in various prior environmental reports and feasibility studies, as listed 

above.  In addition, low-level radioactive materials, mainly slag and baghouse dust, are stored at 

the facility under a NJDEP Bureau of Environmental Radiation (BER) license and are being 

addressed separately from the Site Superfund investigations with the State regulator. 

TCE and chromium are COCs in groundwater (OU1), had migrated to SMC’s Farm 

Parcel, and had historically been remediated by a pump-and-treat system from 1979 to 2013.  

From 2010 to 2014, an OU1 In Situ Remediation Pilot Program was implemented that included 

targeted and phased injection of calcium polysulfide (CPS) to remediate chromium, and targeted 

emulsified vegetable oil to remediate TCE.  The pilot program determined that the treatment was 

successful in reducing contamination, active remediation was on-going (i.e., the injected 

materials continue to reduce contamination), and that monitored natural attenuation (MNA) was 

effective and viable to address residual contamination when CPS reactivity diminishes (i.e., after 
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5 to 10 years in the upper zone of the aquifer and after 20 to 35 years in the lower zone of the 

aquifer) (TRC, 2014c). A ROD modification issued by the EPA on September 30, 2015 

documents the change in remedy. 

The quality of soil and sediment (OU2) at the SMC facility has been defined through 

extensive remedial investigations, with a total of 196 surface and subsurface soil samples 

collected and analyzed from facility soils between 1990 and 2012 (TRC, 2015c).  Sediment 

sampling included the collection of 26 sediment samples from the Hudson Branch, as well as 8 

background samples from Burnt Mill Branch collected upstream of Burnt Mill Pond, 5 sediment 

samples from Burnt Mill Pond and 2 sediment samples from Burnt Mill Branch collected 

downstream of Burnt Mill Pond (TRC, 2013c).  The main constituents of concern are inorganics.  

Certain metals are present in portions of the Hudson Branch at levels exceeding the remediation 

goals established in the OU2 ROD (EPA, 2014a).  The specific COCs relative to remediation of 

facility soils and Hudson Branch sediment include total chromium, hexavalent chromium, 

vanadium, copper, lead and nickel.  Sediment results from Burnt Mill Pond indicate that there are 

no unacceptable risks from exposure to Burnt Mill Pond sediments, as concluded in the OU2 

RI/FS and supporting Human Health Risk Assessment and Baseline Ecological Risk Assessment 

and the subsequent rounds of sediment sampling.  The selected OU2 remedy will include 

capping of on-site soils and excavation and disposal of sediments that exceed the remedial goals.  

OU2 remedial design activities are underway.  

The quality of surface water (also part of OU2) in the Hudson Branch and Burnt Mill 

Pond has also been characterized.  Early characterizations of surface water quality in the 1971 to 

1990 time frame focused mainly on the presence/absence of chromium in the surface water.  The 

most comprehensive characterization activities within the Hudson Branch, involving a variety of 

chemical constituents, were conducted as part of the RI/FS in 1990 and 1995 and the OU2 

Remedial Investigation in 2009 and 2011 to 2012.  This discussion focuses on the results of the 

most recent sampling events.  

Surface water samples that were collected within the Hudson Branch during the RI in 

October 1990 were analyzed for VOCs, SVOCs, pesticides, PCBs and inorganics.  The main 

constituents of concern identified based on this and subsequent sampling events were inorganics.  

Additional surface water samples were collected for inorganics analysis in 1995. 
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Surface water sampling was also conducted in 2009 (resampling of previous sample 

locations) and 2011/2012, including characterization of the Hudson Branch, background 

conditions in the Burnt Mill Branch, Burnt Mill Pond, and the portion of Burnt Mill Branch 

downstream of Burnt Mill Pond for VOCs and/or inorganics.   

Inorganics were confirmed as the main constituents of concern within the Hudson Branch 

surface water samples, although metal levels during the 2011/2012 sampling events were 

considerably less than those detected during the pre-2009 investigations.  Constituents detected 

above the applicable screening levels included aluminum, iron, lead, manganese, and vanadium.  

No VOCs were detected in Hudson Branch surface water samples from the 2009 to 2012 

sampling events (TRC, 2013b). 

In the Burnt Mill Branch background surface water samples, the following inorganics 

were detected at concentrations exceeding the applicable screening criteria: aluminum, barium, 

iron, lead, manganese, and mercury.  The Burnt Mill Pond surface water samples also exhibited 

inorganics at concentrations exceeding the applicable screening criteria, including aluminum, 

iron, manganese, and vanadium, although aluminum, iron and manganese were detected at 

higher concentrations in the background (Burnt Mill Branch) surface water samples.  Therefore, 

inorganic impacts to Burnt Mill Pond may be attributable to other sources that contribute surface 

water to Burnt Mill Branch, upstream of Burnt Mill Pond. The two surface water samples 

collected from Burnt Mill Branch downstream of Burnt Mill Pond also exhibited aluminum and 

iron above the applicable screening criteria (ibid.). 

 

1.5 Geologic, Hydrogeologic and Hydrologic Setting 

U.S. Geological Survey (USGS) Topographic Quadrangle 

The referenced property is located within the Newfield, New Jersey 7.5' USGS 

Quadrangle (Figure 1-1). 

 

Surficial Geology 

Seaward-dipping unconsolidated sediments of the Atlantic Coastal Plain underlie the Site 

and range from Cretaceous to Holocene in age.  Across southern New Jersey these materials 

thicken and dip toward the southeast.  Observations in numerous soil borings completed at the 

Site are consistent with regional surficial geology.  The three surficial units of interest that 
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underlie the Site include the Bridgeton Formation, the Cohansey Sand, and the Kirkwood 

Formation.  At the Site, the Bridgeton Formation consists of up to 28 feet of brown sand and 

overlies the Cohansey Sand, which is comprised of coarse sands and little silt in the upper 40 

feet, with generally finer sand and some clay and silt lenses in the lower 60 to 80 feet. 

Discontinuous silt and clay up to 6 feet in thickness were encountered within the lower Cohansey 

Sand formation. The Kirkwood Formation, predominantly a gray silt and clay layer, was 

encountered between 121 and 153 feet below ground surface (ftbgs) and underlies the Cohansey 

Sand. 

The Middle to Lower Cretaceous sediments are continental deposits consisting of 

alternating layers of clay, silt, sand, and gravel. The Upper Cretaceous and most Tertiary 

sediments were deposited within marine beach and shelf facies environments and reflect various 

fluctuations in sea level. A coarsening-upward depositional sequence reflects a regressive sea, 

while fining-upward unit represents a transgressive sea. 

 

Bedrock Geology 

Bedrock beneath the Site consists of banded, micaceous schists or gneiss within the 

Wissahickon Formation of Precambrian age. The Wissahickon Formation contains mica, quartz, 

feldspar, and chlorite with numerous fractures, joints, and folding of individual layers. Bedrock 

was not observed at or encountered in the subsurface studies conducted across the Site.  The 

formation outcrops northwest of Gloucester County. Based on the average degree of dip for 

overburden in the Newfield area, it is estimated that the depth to bedrock beneath the Site is 

approximately 2,000 ftbgs. 

 

Local Drainage 

The Site is located within the Upper Maurice River portion of the Maurice River 

watershed (FGCW, 2005). The Hudson Branch flows westward through portions of the Site and 

the Farm Parcel (Figure 1-2).  An unnamed pond exists along the Hudson Branch, south of 

SMC’s former thermal cooling pond (Figure 1-2). The Hudson Branch drains into Burnt Mill 

Pond approximately 1.2 miles southwest of the Site. Burnt Mill Pond exists at the confluence of 

the Hudson Branch and Burnt Mill Branch (Figure 1-3). 
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The Hudson Branch and Burnt Mill Branch are not “listed streams” within the Delaware 

River Drainage Basin (NJAC 7:9B) and therefore assume the classification of the water body 

into which they flow (i.e., the Maurice River), which is classified as FW2–NT (non–trout).  

Designated uses of FW2–NT surface waters include the following: 

• Maintenance, migration, and propagation of the natural and established biota; 
 
• Primary and secondary contact recreation; 
 
• Industrial and agricultural water supply; 
 
• Public potable water supply after conventional filtration, treatment, and 

disinfection; and 
 
• Any other reasonable uses. 
 

Surface water runoff from the Site is toward the Hudson Branch. Drainage from 

developed portions of the Site is via the storm drain system and overland flow, which is directed 

toward the retention pond along the southwestern fence line of the facility. The discharge from 

the retention pond flows into the Hudson Branch.  Drainage from the western employee parking 

lot discharges to a ditch along the western boundary of the Site and drainage within the Storage 

Yard (eastern portion of Site) is contained by perimeter berms. Within the eastern undeveloped 

area of the facility, drainage is generally via sheet flow.  Another local discharge to the Hudson 

Branch includes the discharge of stormwater from a portion of the Borough of Newfield located 

north of the Site.  This off-site stormwater flows through a 36-inch diameter stormwater pipe that 

enters the Site at the northern property line, crosses the Site and discharges into the Hudson 

Branch at an outfall located just west of the former thermal cooling pond. 

 

Wetlands 

A wetlands delineation was recently conducted along the Hudson Branch in the vicinity 

of the SMC facility.  Multiple wetland habitats exist adjacent to the Hudson Branch, including 

the following palustrine wetland types: emergent marsh, broad-leaved deciduous forest, scrub-

shrub, and open water.  The width of the wetlands ranges from approximately 5 feet along the 

generally drier reach of Hudson Branch along the facility boundary to over 400 feet near the 

southwest corner of the facility.  At a number of points along the Hudson Branch, the wetland 
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vegetation consists of monostands of vegetation that provide lesser-quality habitat (e.g., 

monostands of phragmites).  Wetlands vegetation (outside of the phragmites) includes 

combinations of overstory (red maple, pin oak, sweet gum, black willow, green ash, and white 

ash) with an understory (dominated by ferns) (TRC, 2015c).   

 

Local Hydrogeology 

The principal aquifer in the vicinity of the Site is the Cohansey Sand, which is 

approximately 130 feet thick.  For the purposes of this RI, the saturated thickness of the 

Cohansey Sand was divided into three generally equal zones (i.e., shallow, intermediate and 

deep) of 45 feet (i.e., 0 to 45 feet, 45 to 90 feet, and 90 to 130 ftbgs). On-site and off-site 

monitoring and extraction wells screened throughout the Cohansey Sand are identified as either 

shallow, intermediate or deep depending on the depth below grade of the center point of the well 

screen interval.  The Cohansey Sand is underlain by the Kirkwood Formation.  The upper portion 

of the Kirkwood Formation is composed of silt and clay, which functions as a confining unit in 

the vicinity of the Site, restricting the downward flow of groundwater from the Cohansey Sand.  

Depths to groundwater across the Site range from surface grade at the Hudson Branch to 

approximately 17 ftbgs in the northwest quadrant of the Site.  Based on off-site investigations, 

groundwater is typically identified at depths ranging between 4 ftbgs and 32 ftbgs.  Seasonal 

fluctuations in the water table elevations are on the order of a few feet.  Groundwater flow 

direction in both the upper and lower Cohansey Sand is southwest toward the Hudson Branch, 

which closely matches general Site topography.  Anthropogenic factors including sewer systems 

and other buried utilities may also control local groundwater movement at the Site.  As 

documented in recent OU1 reports, changes in the groundwater elevation contours associated 

with the discontinuation of the groundwater pump-and-treat system have been localized, due to 

the limited historical cones of depression of the extraction wells.  Temporary, localized 

variations in groundwater contours have been observed at a few locations as a result of recent in 

situ remediation injection activities.  Subsequent to the cessation of pump-and-treat, a minimal 

downward hydraulic gradient has been observed in most on-site well clusters, indicating that 

flow in the Cohansey Sand is primarily in a horizontal direction (TRC, 2014c).   

Until 2013, an electrochemical treatment system was used for the removal of chromium 

and an air-stripping process was used for the removal of TCE from extracted groundwater prior 
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to its being discharged into the Hudson Branch.  Five extraction wells, two on site in the 

southwest corner of the manufacturing portion of the facility (i.e., W9 and Layne) and three off 

site (i.e., RW6S, RW6D and RIW2), withdrew groundwater at a maximum rate of 400 gpm and 

hydraulically controlled migration of the chromium plume.  Since 2013, extensive in situ 

remediation studies were conducted, with in situ treatment found to expedite aquifer cleanup 

beyond the abilities of the pump-and-treat technologies and achieve cleanup goals faster. 

A total of 100 groundwater monitoring wells and 100 remediation monitoring wells are 

located on and off site and are utilized for regular chromium and VOC groundwater monitoring.  

 
Local Water Use 

The New Jersey Groundwater Quality Standards (GWQS) (NJAC 7:9C) classify 

groundwater quality at the Site as Class II-A.  The primary designated uses for Class II-A 

groundwater are potable water and conversion to potable water through conventional water 

supply treatment, mixing, or other similar techniques. Secondary uses include agricultural and 

industrial water.  Groundwater is the primary source of domestic, agricultural, community, and 

municipal water supplies in the general area of the Site. The depths of nearby public supply wells 

range from 150 to 200 ftbgs and are typically screened within the Kirkwood-Cohansey 

Formation.  Depths of private wells vary greatly across the area.  

Potable water is provided locally by the Newfield Water Department and the Vineland 

Water and Sewer Utility. Both utilities rely solely on groundwater sources for their potable 

water.  Due to chromium and TCE contamination, the City of Vineland has designated an area of 

the city downgradient from the SMC facility as a well restriction area requiring mandatory 

connection to the public water systems.  The nearest municipal supply well to the Site is 

Newfield Well #3, located approximately 1,600 feet north and sidegradient of the Site.  The 

nearest municipal supply well to the Farm Parcel area is Vineland Well #10, located along 

Delsea Drive, northwest of Burnt Mill Pond, approximately 4,000 feet west of the Farm Parcel.  

This well reportedly has not been used since October 2004.  The Vineland Water Company 

currently uses Well #14, which is located several thousand feet to the northwest of Well #10.  

Both wells cannot operate at the same time due to pumping and system capacity limitations (City 

of Vineland, personal communication, 2008). 
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1.6 Scope 

As the details of the remedial investigation and risk assessment studies were provided in 

previous reports, this RI Report presents only a summary of those studies.  Section 2.0 

summarizes the results of the RI, as previously detailed in the Site Characterization Summary 

Report (TRC, 2011a).  In Section 3.0, a fate and transport summary is provided.  In Section 4.0, 

the BHHRA is summarized, as previously detailed in the Baseline Human Health Risk 

Assessment (TRC, 2014a), while Section 5.0 summarizes the SLERA, which was previously 

detailed in the Screening-Level Ecological Risk Assessment (TRC, 2013a).  Conclusions related 

to the RI and risk assessment effort are presented in Section 6.0.  References are provided in 

Section 7.0. 
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2.0 SITE CHARACTERIZATION SUMMARY REPORT 

A remedial investigation focused on OU3 was conducted at the Site between October 

2009 and April 2011.  A detailed discussion of the scope and results of the investigation are 

presented within the Site Characterization Summary Report (TRC, 2011a).  Major components 

of the RI included the following: 

 

• Summary of Historic Perchlorate Monitoring Results 
• Identification of Potential Source Areas 
• Soil Sampling 
• Surface Water and Sediment Sampling 
• Groundwater Sampling 
 

A summary of the results of these activities is presented below. 

Discussions of perchlorate detections in the following sections include comparisons to 

applicable screening levels.  Perchlorate is a contaminant for which there currently are no 

promulgated standards (e.g., no federal or New Jersey state drinking water standard, final 

groundwater quality standard, or soil, sediment or surface water standards); therefore, no 

applicable or relevant and appropriate requirements (ARARs) were identified for perchlorate in 

these media.  However, the EPA requires monitoring of perchlorate by public water systems 

under the Safe Drinking Water Act’s Unregulated Contaminant Monitoring Rule.   

The 2006 SMC-AOC (NJDEP, 2006) requires SMC to remediate perchlorate-

contaminated groundwater at the Site to a level of 5 ppb or, if a different regulatory standard for 

perchlorate is adopted and the codified concentration limit is higher than 5 ppb, to that different 

regulatory standard.  In March 2007, New Jersey published an interim groundwater quality 

criterion of 5 ppb for perchlorate, per the provisions of the New Jersey Administrative Code 

(NJAC) 7:9C-1.7(c)2, which allow NJDEP to establish new groundwater quality criteria on an 

interim basis prior to rulemaking.  New Jersey has not, to date, adopted a final groundwater 

quality standard for perchlorate.  In December 2008, the EPA issued an interim drinking water 

health advisory for perchlorate (which was reviewed and approved by the National Research 

Council) that includes an Interim Health Advisory level of 15 ppb. EPA currently recommends 

that the 15 ppb screening level be used as a preliminary remediation goal (PRG) for perchlorate 

in drinking water (EPA, 2008).  On March 16, 2009, New Jersey proposed to amend the New 
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Jersey Safe Drinking Water Act at NJAC 7:10 to establish a perchlorate maximum contaminant 

level (MCL) of 5 ppb for drinking water purposes.  However, on March 16, 2010, the NJDEP 

decided not to promulgate the proposed standard pending receipt of more reliable scientific data 

on the risks associated with perchlorate ingestion by sensitive population groups.  Thus, the 

proposed MCL for perchlorate was never adopted in New Jersey. 

In soils, the only available screening criteria are the EPA Regional Screening Levels 

(RSLs) for perchlorate in residential soil (55,000 micrograms/kilogram (μg/kg) or ppb) and 

industrial soil (720,000 ppb).  RSLs are used for site "screening" and as initial cleanup goals, if 

applicable.  RSLs are not de facto cleanup standards and should not be applied as such.  The 

RSLs’ role in site "screening" is to help identify areas, contaminants, and conditions that require 

further federal attention at a particular site.  Generally, at sites where contaminant concentrations 

fall below RSLs, no further action or study is warranted under the Superfund program, so long as 

the exposure assumptions at a site match those taken into account by the RSL calculations. 

New Jersey has not developed soil remediation standards for perchlorate.  Similarly, no 

federal or state standards or screening levels have been identified for perchlorate in surface water 

or sediment. 

In this RI, groundwater levels of 5 ppb (based on the SMC-AOC level and the New 

Jersey interim groundwater quality criterion, and referred to herein collectively as the New 

Jersey ACO level), and 15 ppb (based on the 2008 EPA interim drinking water health advisory 

and referred to herein as the EPA Interim Health Advisory level) are used to evaluate 

groundwater perchlorate levels. Each of these screening levels are “to-be-considered” (TBC) 

criteria under Comprehensive Environmental Response, Compensation and Liability Act 

(CERCLA) guidance (EPA, 1988).  Furthermore, a site-specific, risk-based PRG for perchlorate 

in groundwater was calculated, as described in the BHHRA section (Section 4.0).  The USEPA 

RSLs for perchlorate, also TBCs, are used as screening levels for perchlorate in soil. 

 

2.1 Summary of Historic Perchlorate Monitoring Results 

At the request of NJDEP, SMC agreed to sample and analyze the groundwater at the Site 

for perchlorate in July, September, and October 2004, and February 2006.  Historical perchlorate 

results are summarized in Table 2-1.  The results were compared to the 5 ppb New Jersey ACO 

level and the 15 ppb EPA interim health advisory level that were applicable at the time of the 
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evaluation.  Perchlorate was detected at concentrations greater than 5 ppb and 15 ppb in both 

shallow and deep wells along the southwest corner of the 67-acre manufacturing portion of the 

Site and in Farm Parcel wells in 2004.  During February 2006, additional groundwater samples 

were collected from three deep monitoring wells (SC1D, SC3D(R) and SC24D) and four 

shallow/intermediate wells (SC1S, SC3S, RIW2 and SC24S) on the Farm Parcel.  Perchlorate 

concentrations in groundwater ranged from 0.21 ppb to 23.0 ppb in the shallow/intermediate 

aquifer and from non–detect (ND) to 76.0 ppb in the deep aquifer during the 2004 and 2006 

sampling events (Table 2-1). The highest concentration of perchlorate (76.0 ppb) in groundwater 

was identified in monitoring well SC1D, a hydraulically downgradient location on the Farm 

Parcel, during the October 2004 sampling event. 

An assessment of the downgradient extent (downgradient of the Farm Parcel) of the 

groundwater perchlorate plume was conducted by TRC in November-December 2006, 

concurrent with a supplemental off-site groundwater investigation associated with the 

chromium/TCE plumes. This scope included the drilling of five vertical groundwater profiles 

(VP-1, VP-2, VP-3, VP-4, and VP-10) to a maximum depth of approximately 135 ftbgs 

downgradient and sidegradient of the Farm Parcel (Figure 1-3). Groundwater samples were 

collected via screened hollow-stem augers from five discrete depth intervals at each location, 

with the results indicating the presence of perchlorate concentrations greater than 5 ppb 

extending approximately 5,500 feet downgradient (southwest) of the Farm Parcel.  The highest 

concentrations of perchlorate (up to 49.9 ppb) were found mainly in the deeper portion of the 

aquifer. The analytical results of the late 2006 off-site groundwater perchlorate sampling are 

summarized in Table 2-2 (page 2 of 2). Based on these data, it was determined that the lateral 

and vertical extents of the off-site perchlorate plume had not been adequately delineated at that 

time. 

 

2.2 Identification of Potential Source Areas 

To identify potential sources of perchlorate at the SMC facility, a review of historical 

documents, an interview with SMC employees, and a review of historical aerial photographs 

were conducted. 
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2.2.1 Perchlorate Usage and Storage 

According to information provided by SMC staff generally familiar with past operational 

practices, potassium perchlorate was used as an oxidizer in the on-site furnace to increase 

temperature and enhance furnace performance.  The perchlorate was destroyed in the process by 

reacting with aluminum metal, according to the following chemical reaction, and generating 

simple chloride salts as the product: 

 

3 KClO4 + 8 Al = 3 KCl + 4 Al2O3 

 

The furnace was located within the footprint of former Building D102(A), attached to but 

isolated from Building D112.  Both buildings have since been demolished (see Figure 2-1). 

Building D102(A) was characterized by an earthen floor (although the area surrounding the 

building is paved). According to historical purchase order records, SMC purchased 

approximately 400,000 pounds of potassium perchlorate from 1974 to 1992 for this operational 

activity. 

Potassium perchlorate was typically packaged and shipped to the Site in 110-, 250-, and 

350-pound, plastic-lined steel drums. This product was reportedly stored onsite in a former small 

metal outbuilding, east of former Building D102(A) and near the unpaved road forming the 

northwest boundary of the slag piles, prior to being used in the furnace. This Former Chemical 

Storage Building was characterized by a concrete interior floor and berm around the building’s 

perimeter.  The small Former Chemical Storage Building and adjacent unpaved road were 

identified as an AOC (AOC-1) with respect to historical perchlorate storage practices.  

Furthermore, since the product was used in former Building D102(A), the general footprint of 

this building was identified as AOC-2 relative to historical perchlorate usage.  It is believed that 

the storage and usage of perchlorate onsite were limited to these areas.  The locations of AOC-1 

and AOC-2 are shown on Figure 2-1. 

Since perchlorate was completely destroyed in the heating process by reacting with 

aluminum to form chlorides, there was no general release from this process.  Only incidentally 

spilled material or small amounts of incompletely reacted material would potentially be released 

into the environment.  One possible disposition for the incompletely reacted/residual perchlorate 

was release to the area of the lined and unlined lagoons and this possible discharge point of the 
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historical liquid wastes was therefore identified as AOC-3. The location of AOC-3 is shown on 

Figure 2-1. 

 

2.2.2 Review of Historical Aerial Photographs 

TRC reviewed historical aerial photographs for the Site from the years 1974, 1977, and 

1986, which spans the known period of perchlorate usage at the Site.  The photographic review 

focused on the aforementioned AOCs and perchlorate storage, use, and disposal practices, 

including any areas within the AOCs characterized by drum storage, stressed vegetation, and/or 

ground staining/discoloration.  Areas of material storage were observed to the northwest of the 

small Former Chemical Storage Building (AOC-1) and adjacent to the northeast corner of the 

former Building D102(A) (AOC-2).  Following the review of the historical aerial photographs, 

two of the seven soil boring locations proposed in the perchlorate RI work plan (RIWP) (TRC, 

2008) were relocated to the northwest side of the unpaved road adjacent to AOC-1, to further 

investigate the material storage area that was identified. 

 

2.3 Soil Sampling 

The soil RI was conducted to investigate soil for evidence of perchlorate releases in the 

identified potential AOCs.  Soil samples were collected during two separate mobilizations, with 

the first occurring between October 26 and 28, 2009 and the second occurring during August 

2012.  Since historical releases of perchlorate may have been continuous or intermittent, both 

near-surface samples and soil samples at depth were collected.  The soil boring placement within 

each AOC is shown on Figure 2-2 and described below: 

 
1. AOC-1, Former Chemical Storage Building (seven borings) - three soil borings 

(SS-02, SS-03 and SS-04) were located near the Former Chemical Storage 
Building and four borings (SS-05, SS-06, SS-07 and SS-08) were located along the 
unpaved road adjacent to the building.  Soil borings SS-07 and SS-08 were located 
along the northwest side of the unpaved road to investigate material storage areas 
identified in historical aerial photographs; 

 
2. AOC-2, Former Footprint of Furnace Building (four borings) - all four soil borings 

(SS-21 to SS-24) were located within the footprint of the former furnace building;  
 
3. AOC-3, Former Unlined/Lined Lagoons (twelve borings) - six soil borings (SS-09 

to SS-14) were located on an approximate 150-foot grid system within the 
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footprint of the former lagoons and six soil borings (SS-15 to SS-20) were located 
immediately to the south of the former lagoons (including one along the edge of a 
drainage swale); and 

 
4. Background, one boring location in the northwest corner of the manufacturing 

parcel (SS-01). 
 

During the October 2009 sampling event, a total of 48 soil samples (not including field 

duplicate samples) were collected from the Site.  The soil sampling tools were continuously 

advanced to depths corresponding to the approximate water table interface at all soil boring 

locations.  Soil boring depths ranged generally between 8 to 20 ftbgs.  TRC collected two soil 

samples per borehole for analysis.  At each soil boring location, one sample was collected from 

immediately above the water table (i.e., within the vadose zone/water table interface).  The 

RIWP proposed collecting the second sample from any zone with evidence of contamination 

(i.e., discoloration of soils, as perchlorate is a white crystalline powder).  However, no evidence 

of perchlorate contamination was discerned in the field.  Grain size observations (fine-grained 

materials (silt/clay) may have a higher affinity for perchlorate adsorption) were also used to 

select the second sample interval.  Therefore, the second shallow soil sample collected from each 

soil boring was collected from a two-foot interval located between zero and eight ftbgs. 

Only one of the samples collected in 2009, SS-03, was representative of a surface soil 

sample (i.e., 0 to 2 feet).  Therefore, nine surface soil samples (0 to 1 foot in depth) were 

subsequently collected in August 2012 to assess perchlorate concentrations in surface soils.  Two 

samples each were collected from AOC-1 and AOC-2, while four surface soil samples were 

collected from AOC-3.  One additional surface soil sample was collected from a background 

area. 

A total of 60 soil samples, including three duplicate samples for quality assurance/quality 

control (QA/QC) purposes, were collected.  The soil samples were analyzed for perchlorate 

using a modified EPA Method 314.0.  The laboratory analytical results for all of the soil samples 

are presented in Table 2-3 and on Figure 2-3.  Field quality control sample (i.e., field blank and 

blind duplicate) analytical results are presented in Table 2-4. 

Perchlorate concentrations ranged between ND and 58.3 micrograms per kilogram 

(µg/kg) or ppb.  Perchlorate was detected at concentrations above the laboratory’s detection limit 

(1.2 ppb to 1.9 ppb) in 19 of the 60 samples.  Of these 19 samples, perchlorate was detected at 
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concentrations above the laboratory’s reporting limit (9.3 ppb to 10 ppb) in 7 of the 19 samples, 

as summarized below. 

 

Location Depth (feet) Perchlorate Concentration (ppb) 
SS-05 5-7 58.3 
SS-05 13-15 18.3 
SS-21 1-3 11.0 
SS-21 5-7 10.7 
SS-22 6-8 12.0 
SS-24 1-3 26.5 
SS-24 4-6 28.8 

 

In general, the highest perchlorate concentrations were detected in soil samples collected 

from within AOC-1 (Former Chemical Storage Building and adjacent unpaved road) and AOC-2 

(former Building D102(A)).  The results from the three soil samples collected from the 

background location, SS-01, at depths of 0 to 1 feet, 5 to 7 feet, and 12 to 14 feet, were each ND 

or below the laboratory reporting levels, which ranged from 1.2 ppb to 10 ppb.  These results are 

consistent with 10 of the 23 other soil sampling locations, the majority of which are located in 

AOC-3, with each of these soil borings exhibiting ND results throughout their vertical sample 

intervals. 

A preliminary screening of soil results was conducted on the basis of state and federal 

criteria and guidance levels.  Since there are no state or federal criteria for perchlorate in soil, the 

evaluation of soil quality used were the EPA RSLs, as previously described in the introduction to 

Section 2. 

All concentrations of perchlorate detected in on-site soil were at least three orders of 

magnitude lower than the current perchlorate RSL for residential soil (55,000 ppb) and greater 

than four orders of magnitude lower than the current perchlorate RSL for industrial soil (820,000 

ppb).  Although perhaps indicative that perchlorate was used in these areas, the levels are low 

and not indicative of significant releases of the material.   

A soil mass flux and groundwater mass balance calculation was performed to determine 

if the residual perchlorate contamination in the soil could impact the underlying groundwater 

with perchlorate concentrations exceeding 5 ppb (the New Jersey ACO level) over a long-term 
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period.  The calculation used a very conservative assumption that the entire soil vadose zone 

depth (approximately 15 feet) was impacted by the highest soil perchlorate concentration of 58.3 

ppb, even though that concentration was only detected within a two-foot interval (i.e., 5-7 ftbgs) 

at soil boring SS-05.  The measured concentration of perchlorate in the soil below this depth 

interval was 18.3 ppb (i.e., 13-15 ftbgs), demonstrating the conservative nature of this 

assumption. The area of impact was assumed to be a circular 1,000-square-foot (ft2) area 

(representative of the distance between soil borings in the SS-05 area along the unpaved road).  

Using the partitioning coefficient for potassium perchlorate (Log Koc = 1.687), the resulting 

groundwater perchlorate concentration in the mixing zone directly beneath the impacted soil 

zone would not exceed 5 ppb.  Furthermore, given the fact that perchlorate does not bind well to 

soil particles and the movement of perchlorate in soil is largely a function of the amount of water 

present, the concentration of perchlorate in the soil will continue to decrease over time. Based on 

these results, there is no indication that the residual perchlorate remaining in the on-site soils 

could be acting as a continuing source of perchlorate contamination to the groundwater. 

 

2.4 Surface Water and Sediment Sampling 

Surface water and sediment samples were collected from the Hudson Branch, Burnt Mill 

Pond, and Burnt Mill Branch during October 2009.  The samples were co-located, with the 

exception of the furthest upstream sample location along the Hudson Branch (SED-8), since the 

location was dry at the time of sampling.  Therefore, a total of 10 surface water samples and 11 

sediment samples, including one blind duplicate sample from each media for QA/QC purposes, 

were collected.  The locations of the surface water and sediment samples are shown on Figure 2-

4 with the analytical results provided on Table 2-5.   

Perchlorate was detected at a concentration above the laboratory’s detection limit (0.92 

ppb) in only one of the ten surface water samples (SW-1A at 1.8 ppb (estimated)) and in only 

one of the eleven sediment samples (SED-4 at 10.9 ppb (estimated)).  Note that detected 

concentrations were reported as “estimated” by the laboratory because the perchlorate detections 

were above the laboratory minimum detection limit but below the laboratory reporting limit. The 

detection limit for surface water was 0.92 ppb and the reporting limit was 3 ppb.  The laboratory 

detection limits and reporting limits for sediment ranged between 2 ppb and 8.7 ppb and 11 ppb 

and 47 ppb, respectively. 
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The absence of perchlorate in the surface water and sediment samples indicates that 

neither contaminated groundwater nor the discharge of stormwater to surface water is adversely 

impacting surface water or sediment quality.  As the highest concentrations of perchlorate in 

groundwater were typically identified within the deep aquifer zone (see Section 2.5), well 

beneath any potential interface with the surface water bodies, discharges of groundwater to 

surface water would not be expected to have a significant impact on surface water/sediment 

perchlorate levels. 

 

2.5 Groundwater Sampling 

Groundwater samples were collected at the Site during three separate sampling events in 

October 2009, September 2010, and April 2011.  Samples were collected from existing Site 

monitoring wells, three new monitoring wells (SC35D, SC36D, and SC40D) installed as part of 

the OU3 RI, and from a screened auger tool used for groundwater vertical profiling.  Included 

were groundwater samples collected from two monitoring wells located upgradient of the Site’s 

OU3 source area activities (OBS-2A and W3D) and one monitoring well located side-gradient to 

the Site (SC40D). 

 

2.5.1 2009 Groundwater Sampling Event 

Monitoring Well and Extraction Well Sampling 

During the first round of groundwater sampling (October 20-22, 2009), groundwater 

samples were collected from a total of 67 monitoring and extraction wells (Figures 1-2 and 1-3).  

A total of 73 groundwater samples were submitted for analysis, including five blind duplicate 

samples for QA/QC purposes and one duplicate sample that was collected to verify the results of 

an initial sample analysis, as described below.  The laboratory analytical results for the 2009 

monitoring well and extraction well groundwater samples are presented in Table 2-1.   

Perchlorate concentrations ranged between ND and 152 ppb.  Perchlorate was detected at 

concentrations above the laboratory’s detection limit (0.58 ppb to 7.4 ppb) in 52 of the 73 

samples and at concentrations above the laboratory’s reporting limit (3 ppb to 24 ppb) in 37 of 

the 52 samples in which it was detected.  In addition, perchlorate was detected at concentrations 

above EPA’s Interim Health Advisory level of 15 ppb in 11 of the 73 samples (including three 
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duplicate samples), and above the New Jersey ACO level of 5 ppb in 30 of the 73 samples 

(including five duplicate samples) at the time of sampling.   

The highest perchlorate concentrations were detected in the deep, off-site monitoring well 

SC34D (150 ppb and 152 ppb in the duplicate sample) located immediately southeast of the 

Farm Parcel; the deep, off-site monitoring well SC3D(R) (141 ppb and 136 ppb in the duplicate 

sample) located on the Farm Parcel; and the shallow, on-site monitoring well K (90.5 ppb) 

located near the southwest corner of the SMC property.  The shallow on site monitoring well K 

was re-sampled on January 21, 2010 and perchlorate was detected at 78.1 ppb. 

 

Off-Site Groundwater Vertical Profiling  

Groundwater vertical profile samples were collected during October 2009.  At each of the 

five vertical groundwater profiling locations (VP-13, VP-13A, VP-14, VP-15, and VP-15A), 

groundwater samples were collected from five depth intervals for laboratory analysis (see Figure 

1-3 and Table 2-2).  Sample intervals ranged between 15 ftbgs and 135 ftbgs with the deepest 

interval targeted immediately above the Kirkwood confining unit.  Therefore, a total of 27 

groundwater samples, including two duplicate samples for QA/QC purposes, were collected.  

The laboratory analytical results for the vertical groundwater profiling samples are presented in 

Table 2-2 (page 1 of 2).  

Perchlorate concentrations ranged between ND and 12.5 ppb.  Perchlorate was detected at 

concentrations above the laboratory’s detection limit (0.58 ppb to 7.4 ppb) in 15 of the 27 

samples and above the laboratory’s reporting limit (3 ppb to 24 ppb) in 10 of the 15 samples in 

which it was detected.  Concentrations did not exceed EPA’s Interim Health Advisory level of 15 

ppb, but exceeded the New Jersey ACO level of 5 ppb in six samples (including one duplicate 

sample) at the time of sampling, as summarized below. 

 

Location Depth (feet) Perchlorate Concentration (ppb) 
VP-13 100-105 10.6 
VP-13 125-130 5.7 
VP-13A 111-116 6.0 
VP-14 + Duplicate VP-24 105-110 6.2 / 5.9 
VP-14 130-135 12.5 
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In general, the highest perchlorate concentrations were detected in groundwater samples 

collected from the bottom three depth intervals of the five depth intervals sampled at each 

location. 

 

2.5.2 2010 Groundwater Sampling Event 

During the second round of groundwater sampling (September 8 and 9, 2010), 

groundwater samples were collected from a total of 35 monitoring and extraction wells (Figures 

1-2 and 1-3).  A total of 37 groundwater samples were submitted for analysis, including two 

blind duplicate samples for QA/QC purposes.  The laboratory analytical results for the 2010 

monitoring well and extraction well groundwater samples are presented in Table 2-1.   

Perchlorate concentrations ranged between ND and 158 ppb.  Perchlorate was detected at 

concentrations above the laboratory’s detection limit (0.58 ppb) in 27 of the 37 samples and at 

concentrations above the laboratory’s reporting limit (3.0 ppb for all samples except SC3D(R), 

which had a reporting limit of 18 ppb) in 18 of the 27 samples in which it was detected.  In 

addition, perchlorate was detected at concentrations above EPA’s Interim Health Advisory level 

of 15 ppb in 7 of the 37 samples and above the New Jersey ACO level of 5 ppb in 16 of the 37 

samples (including one duplicate sample) at the time of sampling. 

The highest perchlorate concentrations were detected in the deep, off-site monitoring well 

SC34D (158 ppb) located immediately southeast of the Farm Parcel and the deep, off-site 

monitoring well SC3D(R) (143 ppb) located on the Farm Parcel.  This data is comparable with 

the 2009 deep aquifer zone groundwater results. 

 

2.5.3 2011 Groundwater Sampling Event 

During the third and final round of groundwater sampling (April 29, 2011), a 

groundwater sample was collected from one new monitoring well, SC40D (Figures 1-2 and 1-3).  

A total of two groundwater samples were submitted for analysis, including one blind duplicate 

sample for QA/QC purposes.  The laboratory analytical results for the 2011 groundwater samples 

are presented in Table 2-1. 

Perchlorate was detected in the groundwater sample from SC40D, and in its duplicate, 

labeled as SC49D.  The detected concentrations, 4.0 ppb and 3.9 ppb, respectively, were less 
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than the screening levels applicable at the time of sampling.  The laboratory detection limit was 

0.73 ppb and the reporting limit was 3.0 ppb for these samples. 

 

2.5.4 Groundwater Data Evaluation 

As part of the perchlorate remedial investigation, groundwater samples were collected 

from 67 monitoring wells/extraction wells and five vertical profiling locations during the 2009 

sampling event, with samples collected from five discrete sample depths at each vertical profile 

location (25 total vertical profile samples and 92 total groundwater samples, not counting 

duplicates).  Furthermore, groundwater samples were collected from 35 monitoring 

wells/extraction wells during the 2010 sampling event.  Finally, groundwater samples were 

collected from one newly installed monitoring well during the April 2011 sampling event.  For 

evaluation purposes, the unconfined aquifer (Cohansey Sand) between the water table and the 

underlying clay confining layer (Kirkwood Formation) was separated into three zones (i.e., 

shallow, intermediate, and deep).  At each well and vertical profiling location, the saturated 

thickness was calculated as the zone between the water table and the clay layer.  The saturated 

thickness was separated into three equal zones, referred to by the relative aquifer depth (i.e., 

shallow, intermediate, and deep).  The relative aquifer depth was determined for each monitoring 

well and vertical profiling sample depth by evaluating the depth of the midpoint of the screened 

interval relative to these zones.  Relative aquifer depths for each groundwater 

monitoring/extraction well sample location are listed in Table 2-1 and for each vertical profile 

sample location in Table 2-2.  Groundwater perchlorate isopleth maps were developed based on 

the comprehensive 2009 vertical profiling and monitoring/extraction well sampling data, and 

supplemented with historic (2006/2007) data from vertical profile locations VP-1, VP-2, VP-3, 

VP-4 and VP-10 and the 2011 data from the newly installed well SC40D.  Separate groundwater 

perchlorate isopleth maps were developed based on relative aquifer depth and coverage area (i.e., 

local, reflecting the manufacturing portion of Site and Farm Parcel, and regional) and are 

presented as Figures 2-5A, 2-5B, 2-6A, 2-6B, 2-7A and 2-7B. 

 

2009 Groundwater Sampling Event 

Perchlorate was not prevalent in the groundwater samples collected from the shallow 

aquifer zone.  Perchlorate was only detected in 8 of the 40 (20%) shallow groundwater samples 
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(monitoring/extraction wells and vertical profiles, including duplicate QA/QC samples) at 

concentrations above the laboratory’s reporting limit.  The highest concentrations of perchlorate 

in the shallow aquifer and the only concentrations that exceeded the EPA Interim Health 

Advisory level of 15 ppb (at the time of sampling) were detected in monitoring well K (90.5 ppb) 

and extraction well Layne (67.4 ppb).  Excluding those two wells (K and Layne), perchlorate 

concentrations ranged between ND and 8.2 ppb.  Monitoring well K and extraction well Layne 

are located near the southwest corner of the manufacturing portion of the Site.  Concentrations of 

perchlorate in the shallow aquifer zone that exceeded the New Jersey ACO level of 5 ppb were 

only detected in on-site monitoring/extraction wells (K, Layne, SC9S, IWC-2, and IWC-1).  

Perchlorate concentration isopleths in the shallow aquifer zone are presented in Figure 2-5A for 

the immediate vicinity of the manufacturing portion of the Site and Farm Parcel area and in 

Figure 2-5B for the regional study area. 

Perchlorate was more prevalent in the groundwater samples collected from the 

intermediate aquifer zone than in the shallow aquifer zone.  Perchlorate was detected in 6 of the 

15 (40%) intermediate zone groundwater samples (monitoring/extraction wells and vertical 

profiles) at concentrations above the laboratory’s reporting limit.  Perchlorate concentrations 

ranged between ND and 12.9 ppb, with none of the samples exhibiting perchlorate above the 

EPA Interim Health Advisory level of 15 ppb at the time of sampling.  The highest concentration 

of perchlorate in the intermediate aquifer zone was detected in extraction well RW6S (12.9 ppb).  

A concentration of perchlorate that marginally exceeded the New Jersey ACO level of 5 ppb was 

also detected in monitoring well SC6S (6.4 ppb).  Extraction well RW6S and monitoring well 

SC6S are located off site, near the southwest corner of the manufacturing portion of the Site.  

When compared to the locations of the highest concentrations identified in the shallow aquifer 

zone, the locations of the highest perchlorate concentrations identified in the intermediate zone 

are generally further downgradient from the manufacturing portion of the Site relative to 

groundwater flow direction.  Perchlorate concentration isopleths in the intermediate aquifer zone 

in the immediate vicinity of the manufacturing portion of the Site and Farm Parcel are presented 

in Figure 2-6A and in Figure 2-6B for the regional study area. 

Perchlorate was more prevalent in the groundwater samples collected from the deep 

aquifer zone, when compared to the shallow and intermediate aquifers zones.  Perchlorate was 

detected in 33 of 45 (approximately 73%) groundwater samples (monitoring/extraction wells and 



 
 
Final Remedial Investigation Report 2-14 August 2021 
SMC – Newfield, NJ  OU3 - Perchlorate 

vertical profiles, including duplicate QA/QC samples) at concentrations above the laboratory’s 

reporting limit.  Perchlorate concentrations ranged between ND and 152 ppb.  The highest 

concentration of perchlorate in the deep aquifer zone was detected in monitoring well SC34D 

(150 ppb and 152 ppb in the blind duplicate sample), with the next highest concentrations being 

detected in monitoring wells SC3D(R) (141 ppb and 136 ppb in the blind duplicate sample), 

SC28D (49.0 ppb), and SC1D (46.3 ppb).  Monitoring well SC34D is located immediately 

southeast of the Farm Parcel, monitoring wells SC3D(R) and SC1D are located within the Farm 

Parcel, and monitoring well SC28D is located south of the manufacturing portion of the Site 

along the west side of South West Boulevard.  Other deep wells exhibiting perchlorate above the 

EPA Interim Health Advisory level of 15 ppb at the time of sampling include off-site wells 

SC10D and SC21D, while wells/vertical profile intervals exhibiting perchlorate above the New 

Jersey ACO level of 5 ppb include on-site wells IWC-5, SC20D, W3D, and W9; off-site wells 

SC-6D, SC-17D, SC19D, SC26D, SC36D, SC2D(R), SC31D and RW6D; and vertical profile 

intervals VP-13 (100-105), VP-13 (125-130), VP-13A (111-116), VP-14 (105-110) (and its 

duplicate), and VP-14 (130-135).  When compared to the locations of the highest concentrations 

identified in the intermediate aquifer zone, the locations of the highest perchlorate concentrations 

identified in the deep aquifer zone are generally further downgradient from the manufacturing 

portion of the Site.  Perchlorate concentration isopleths in the deep aquifer zone in the immediate 

vicinity of the manufacturing portion of the Site and Farm Parcel are presented in Figure 2-7A 

and in Figure 2-7B for the regional study area. 

As is evident by comparing the series of isopleth maps, the locations of the highest 

perchlorate concentrations in the shallow, intermediate, and deep aquifer zones are progressively 

further downgradient from the manufacturing portion of the Site, which could be consistent with 

an historical source in the vicinity of the manufacturing portion of the Site undergoing advective 

transport within the southwesterly flowing groundwater, subject to a downward vertical gradient 

created by pumping wells (e.g., irrigation, extraction, etc.) screened in the deep aquifer zone.  

This process is further evident by the evaluation of geologic and perchlorate vertical profiling 

cross sections for the study area.  Figures 2-8 and 2-9 represent cross sections in the northeast – 

southwest direction (parallel to groundwater flow) and the northwest – southeast direction 

(perpendicular to groundwater flow), respectively (see Figure 1-3 for cross section locations).  

The wells and vertical profiles (and associated screened intervals and perchlorate concentrations) 
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located along the cross-section lines, the interpreted perchlorate isoconcentration lines, and the 

top of the clay confining unit (Kirkwood Formation) are illustrated on the cross sections.  It is 

apparent from the cross sections that perchlorate concentrations generally increase with depth 

and distance from the Site. 

It should also be noted that there is evidence of a regional perchlorate groundwater issue, 

with moderate perchlorate concentrations in the deep aquifer zone in wells screened in the deep 

aquifer zone that are located upgradient of the Site’s potential perchlorate source areas.  

Specifically, perchlorate was detected in deep zone upgradient wells W3D and OBS-2A and 

side-gradient well SC40D at concentrations of 8.6 ppb, 4.8 ppb, and 4.0 ppb, respectively, which 

exceed or are close to the New Jersey ACO level of 5 ppb.  The well screen intervals for W3D, 

OBS-2A and SC40D are 88 to 108 ftbgs, 129 to 149 ftbgs, and 120 to 130 ftbgs, respectively.  

There are two pumping wells upgradient of the site, Newfield public water supply wells referred 

to as Newfield Well #3 (permit #31-00004599) and Newfield Well #5 (permit #51-00000046).  

As shown on Figure 2-10, Well #3 is located approximately 2,300 feet north-northwest 

(sidegradient) of AOC-1, Well #5 is located approximately 3,100 feet northeast (upgradient) of 

AOC-1, and OBS-2A is located approximately 1,600 feet northeast (upgradient) of AOC-1.  

Given the location of the Newfield public water supply wells relative to OBS-2A (see Figure 2-

10) and the fact that regional groundwater flow is from the northeast to the southwest, it is 

unlikely that the zone of influence from the supply wells would be large enough to capture 

groundwater beneath the Site and “draw it back” upgradient into the deep upgradient well 

screens (i.e., W3D and OBS-2A).  This statement is supported by the well head protection areas 

established by the State of New Jersey for these wells (NJDEP, 2011), which represent the 

horizontal extent of groundwater captured by a well pumping at a specific rate over a two-, five-, 

and twelve-year time of travel to the well.  The well head protection areas calculated for the two 

Newfield wells are shown on Figure 2-10, with the extents of the largest zones of influence for 

the supply wells ranging from 1,100 feet to 2,100 feet from the Site boundary and extending 

primarily to the east and east-northeast of the Newfield wells, not in the direction of the SMC 

facility.  This clearly illustrates that perchlorate-impacted groundwater beneath the Site would 

not be captured by the supply wells and therefore would not be drawn back from the Site to 

impact the upgradient monitoring wells, including OBS-2A. 
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The perchlorate in groundwater has been delineated to the EPA Interim Health Advisory 

level of 15 ppb (Figures 2-5 through 2-7).  Using this limit, the area of the groundwater plume at 

or exceeding this level is approximately 13 acres in the shallow aquifer, non-existent in the 

intermediate aquifer, and 462 acres in the deep aquifer.  It may not be possible to delineate the 

perchlorate to the New Jersey ACO level of 5 ppb because of the presence of background 

perchlorate in each of the background groundwater samples collected during the 2009 sampling.  

Groundwater samples collected from background (i.e., upgradient) and/or far downgradient 

locations identified perchlorate concentrations close to or above the 5 ppb level.  However, an 

estimation of the area of the groundwater plume at or exceeding the 5 ppb level is approximately 

18 acres in the shallow aquifer, 175 acres in the intermediate aquifer, and 835 acres in the deep 

aquifer (extending to the northern property boundary of the Site).  A comparison of the 

groundwater plume areas between the 15 ppb and 5 ppb levels indicates an approximate 28% 

reduction in the area of the shallow aquifer and a 45% reduction in the area of the deep aquifer. 

 

2010 Groundwater Sampling Event 

Similar to the 2009 sampling event, perchlorate was not prevalent in the groundwater 

samples collected from the shallow aquifer zone.  Perchlorate was only detected in 2 of the 14 

(14%) shallow groundwater samples (including duplicate QA/QC samples) at concentrations 

above the laboratory’s reporting limit.  The highest concentration of perchlorate in the shallow 

aquifer and the only concentration that exceeded both the New Jersey ACO level of 5 ppb and 

the EPA Interim Health Advisory level of 15 ppb at the time of sampling was detected in 

extraction well Layne (36.6 ppb).  Excluding extraction well Layne, perchlorate concentrations 

ranged between ND and 3.0 ppb.  Shallow on site well K exhibited a significant decrease in the 

perchlorate concentration (1.9 ppb and 3.0 ppb in the blind duplicate sample) compared to 90.5 

ppb in the 2009 results.   

Perchlorate was more prevalent in the groundwater samples collected from the 

intermediate aquifer zone than in the shallow aquifer zone.  Perchlorate was detected in 3 of the 

6 (50%) intermediate zone groundwater samples (monitoring wells) at concentrations above the 

laboratory’s reporting limit.  The highest concentrations of perchlorate in the intermediate 

aquifer were detected in monitoring wells SC6S (19.6 ppb) and SC3S (13.0 ppb).  Excluding 

monitoring wells SC6S and SC3S, perchlorate concentrations ranged between ND and 4.4 ppb.  
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Consistent with the findings of the 2009 groundwater monitoring event, the locations of the 

highest perchlorate concentrations identified in the intermediate aquifer are generally further 

downgradient from the manufacturing portion of the Site relative to groundwater flow direction 

when compared to the locations of the highest concentrations identified in the shallow aquifer 

zone. 

Perchlorate was more prevalent in the groundwater samples collected from the deep 

aquifer zone, when compared to the shallow and intermediate aquifers zones.  Perchlorate was 

detected in 14 of 17 (82%) groundwater samples (monitoring wells, including duplicate QA/QC 

samples) at concentrations above the laboratory’s reporting limit.  Perchlorate concentrations 

ranged between ND and 158 ppb.  The highest concentration of perchlorate in the deep aquifer 

zone was detected in monitoring well SC34D (158 ppb), with the next highest concentrations 

being detected in monitoring wells SC3D(R) (143 ppb), SC1D (44.5 ppb), SC21D (32.8 ppb), 

and SC28D (16.8 ppb).  Other wells exhibiting perchlorate concentrations above the New Jersey 

ACO level of 5 ppb include on-site wells SC20D and W3D; and off-site wells SC-10D, SC-17D, 

SC26D, SC36D, and SC2D(R).  Consistent with the findings of the 2009 groundwater 

monitoring event, the locations of the highest perchlorate concentrations identified in the deep 

aquifer are generally further downgradient from the SMC property relative to groundwater flow 

direction when compared to the locations of the highest concentrations identified in the shallow 

and intermediate aquifer zones. 

 

2011 Groundwater Sampling Event 

Groundwater samples were collected from one newly-installed well, SC40D, during this 

sampling event.  This well was installed to address a data gap that existed west of the Site and in 

a cross-gradient orientation to the Site relative to the groundwater flow direction.  SC40D is 

screened to the deep portion of the Cohansey aquifer.  Perchlorate was detected in the 

groundwater samples (including a duplicate QA/QC sample) at concentrations above the 

laboratory’s reporting limit, at 4.0 ppb and 3.9 ppb.  These results, coupled with the location of 

well SC40D relative to the Site (i.e., in a cross-gradient orientation), add further evidence that 

there is a regionally-present background concentration of perchlorate.  Furthermore, the 

installation of this well and collection of groundwater samples from it closes the data gap that 

existed in that area. 
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3.0 FATE AND TRANSPORT 

 The OU3 fate and transport mechanisms were evaluated as part of the BHHRA and 

SLERA, which are discussed in Sections 4.0 and 5.0, respectively. The risk assessments use an 

analysis of the various fate and transport mechanisms to identify potential exposure pathways 

and receptors, and then quantify the associated risks.  For exposure pathways associated with 

risks that exceed EPA’s acceptable risk range, a Preliminary Remediation Goal (PRG) for 

perchlorate is calculated. 

 As outlined in the BHHRA and SLERA, based on a comparison of perchlorate levels to 

applicable initial screening levels Site groundwater was the only environmental medium for 

which a quantitative risk assessment was required; quantitative assessments were not required for 

Site soils, or Hudson Branch sediment or surface water.  Therefore, the focus of the fate and 

transport discussion is on the fate and transport mechanisms relative to perchlorate in 

groundwater. 

 Contaminant release and transport mechanisms carry contaminants from the source to 

points where human receptors may be exposed.  Perchlorate does not bind to soil particles but 

will readily dissolve in any available moisture.  If sufficient infiltration of precipitation occurs, 

perchlorate will be readily leached from the soil.  Potassium perchlorate is highly soluble in 

water, as its solubility has been reported to be 15 grams per liter (g/L) at 25ºC (ITRC, 2005; 

USACHPPM, 2007).  Specific degradation rates (i.e., half-lives) in the environment were not 

located in the literature.  However, perchlorate is very stable and will not react or degrade in 

solution under ambient environmental conditions (ITRC, 2005).  Biodegradation of perchlorate 

in groundwater will only occur in the presence of perchlorate-degrading anaerobic bacteria and 

significant levels of organic carbon, with oxygen and nitrate absent (ITRC, 2005).  Due to its 

high kinetic barrier for reacting with other constituents in water, perchlorate can persist in 

groundwater for more than 10 years (USACHPPM, 2007).   

It is possible that a historical release or use of perchlorate in the vicinity of the Site has 

impacted the underlying groundwater, since 1) perchlorate is highly soluble in water; 2) the 

aquifer materials consist of the Cohansey Sand, which is comprised of coarse sands and little silt 

overlying generally finer sand and some clay and silt lenses; and 3) there is little to no organic 

matter within the Cohansey Sand to attenuate the movement of perchlorate through both the 

vadose and saturated zones. The extremely low levels of perchlorate observed in the Site soils 



 
 
Final Remedial Investigation Report 3-2 August 2021 
SMC – Newfield, NJ  OU3 - Perchlorate 

are not indicative of a continuing source at the Site and they do not confirm the existence of a 

historical release at the Site, which could have resulted in the migration of perchlorate into the 

groundwater. 

As discussed in the OU3 SCSR (TRC, 2011a), areas surrounding the SMC facility are 

used for farming. Perchlorate has been identified as a component of certain Chilean-mined 

fertilizers used on crops.  Prior to the 1960s, a majority of the fertilizer used in the United States 

was mined from Chilean-derived nitrate deposits meaning, therefore, that perchlorate 

unassociated with specific industrial or manufacturing operations can be expected to be found in 

agricultural or formerly agricultural soils and other media rather ubiquitously throughout the 

United States.  Currently, however, only a small percentage of these deposits are applied to 

cropland in the United States (ITRC, 2005).  Perchlorate has been detected in crops in the 

general vicinity of the Site, including lettuce grown in Newfield and Bridgeton, New Jersey and 

spinach grown in Vineland, New Jersey (USFDA, 2005).  The lettuce sample collected from 

Newfield exhibited perchlorate at 14.2 ppb, which was slightly higher than the average lettuce 

sample concentration for a range of locations across the United States of 11.75 ppb.  The lettuce 

sample collected from Bridgeton exhibited perchlorate at a concentration of 4.46 ppb.  The 

spinach sample collected from Vineland exhibited perchlorate at 40.9 ppb, which was less than 

the national average spinach sample concentration of 115 ppb.  In 2009, drinking water quality 

testing conducted by the City of Vineland (which obtains its drinking water from groundwater) 

included perchlorate as an analyte under the Unregulated Contaminant Monitoring Rule (City of 

Vineland, 2009).  Perchlorate was reported as having been detected at concentrations ranging 

from 5.18 ppb to 6 ppb in drinking water supply samples.  Additionally, as discussed in Section 

2.5.4, perchlorate was detected in the upgradient monitoring well OBS-2A at a concentration of 

4.8 ppb.  Therefore, given the regional agricultural land use, the documentation of the presence 

of perchlorate in surrounding area crops and its presence in Vineland drinking water supplies and 

upgradient groundwater provide evidence of a regional groundwater perchlorate issue.  
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4.0 BASELINE HUMAN HEALTH RISK ASSESSMENT 

A BHHRA was completed for OU3 in October 2014 and was approved by EPA in June 

2016 (TRC, 2014a)1.  A copy of the BHHRA is provided in Appendix A.  The BHHRA 

evaluates risks posed by the Site in the absence of any remedial action or control, including 

institutional controls.  The BHHRA builds upon the Preliminary Conceptual Site Model and 

Memorandum on Exposure Scenarios and Assumptions (TRC, 2012) and the Pathways Analysis 

Report (TRC, 2013c), which described the risk assessment process and how the BHHRA would 

be prepared.  The BHHRA was developed using current EPA policy and guidance.  The SMC-

AOC defined OU3 as perchlorate (all media) located at the SMC Superfund Site; therefore, this 

BHHRA focused on the presence of perchlorate in various environmental media at the Site. 

Detected concentrations of perchlorate were compared to the appropriate EPA residential 

RSLs (EPA, 2014b) to identify the media that would be retained for more detailed evaluation.  

Perchlorate concentrations in facility (combined surface/subsurface) soil, sediment and surface 

water were below residential RSLs for those media (sediment was compared to the residential 

soil RSL and surface water was compared to the residential tapwater RSL).  Therefore, none of 

these media were retained for further evaluation.  Perchlorate concentrations in the 

manufacturing portion of the Site, off-site and Farm Parcel groundwater (at each of three depth 

intervals) exceeded the residential RSL (ibid.) for tapwater and thus all were retained for 

evaluation.  The residential RSLs used in the BHHRA have not been revised in the most recent 

RSL listing (EPA, 2016a).  The BHHRA evaluates potential risks to Future On-Site 

Construction/Utility Workers, Future On-Site Commercial/Industrial Workers, Future On-Site 

Residents (Adult and Child), Future Off-Site Residents (Adult and Child) and Future Farm 

Parcel Residents (Adult and Child) from ingestion of and/or dermal contact with perchlorate in 

groundwater. 

Perchlorate is not a carcinogen; therefore only non-cancer risks were evaluated.  For 

estimating risks associated with exposures to individual non-carcinogens, the Hazard Quotient 

(HQ) is used.  The HQ is calculated as the non-cancer exposure intake (mg/kg-d) divided by the 

Reference Dose (RfD) (mg/kg-d).  Chronic RfDs are used for scenarios involving long-term 

exposures (i.e., industrial and residential).  The HQs are summed across pathways to calculate a 
 

1 Written comments from EPA on the preliminary BHRRA submittal dated March 6, 2014 were addressed in the 
final October 2014 submittal. 
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Hazard Index (HI) for each pathway in each scenario.  The estimated non-cancer HIs are then 

compared to available regulatory guidelines.  Regarding non-carcinogenic health hazards, (EPA 

1989) states that: 

 
"When the total hazard index for an exposed individual or group of individuals 
exceeds unity, there may be concern for potential non-cancer health effects." 

 

Therefore, regarding non-carcinogenic health hazards, a HI equal to or less than one is generally 

acceptable (EPA 1989).  The BHHRA determined that the non-cancer HQ exceeds EPA’s non-

cancer HI reference level of 1 under the following exposure scenarios: 

 
• Shallow On-Site Groundwater – Future Child Resident 
• Off-Site Deep Groundwater – Future Adult and Child Resident 
• Farm Parcel Intermediate Groundwater – Future Child Resident 
• Farm Parcel Deep Groundwater – Future Adult and Child Resident 

 
 The results of the BHHRA are presented in the following table.  The actual calculated 

HQ values for each exposure medium/receptor are included in parentheses.  

 

Exposure Medium/Receptor Reasonable Maximum Exposure 
Non-Cancer Hazard Quotient 

On-Site Shallow Groundwater 
• Future Construction/Utility Worker 
• Future Commercial/Industrial Worker 
• Future Adult Resident 
• Future Child Resident 

 
Less than 1 (0.0047)  
Less than 1 (0.47) 
Less than 1 (0.67) 

Greater than 1 (1.4) 

On-Site Intermediate Groundwater 
• Future Commercial/Industrial Worker 
• Future Adult Resident 
• Future Child Resident 

 
Less than 1 (0.16) 
Less than 1 (0.22) 
Less than 1 (0.46) 

On-Site Deep Groundwater 
• Future Commercial/Industrial Worker 
• Future Adult Resident 
• Future Child Resident 

 
Less than 1 (0.27) 
Less than 1 (0.38) 
Less than 1 (0.76) 

Off-Site Shallow Groundwater 
• Future Adult Resident 
• Future Child Resident 

 
Less than 1 (0.077) 
Less than 1 (0.16) 
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Exposure Medium/Receptor Reasonable Maximum Exposure 
Non-Cancer Hazard Quotient 

Off-Site Intermediate Groundwater 
• Future Adult Resident 
• Future Child Resident 

 
Less than 1 (0.51) 
Equal to 1 (1.0) 

Off-Site Deep Groundwater 
• Future Adult Resident 
• Future Child Resident 

 
Greater than 1 (2.4) 
Greater than 1 (4.8) 

Farm Parcel Shallow Groundwater 
• Future Adult Resident 
• Future Child Resident 

 
Less than 1 (0.38) 
Less than 1 (0.76) 

Farm Parcel Intermediate Groundwater 
• Future Adult Resident 
• Future Child Resident 

 
Less than 1 (0.53) 

Greater than 1 (1.1) 

Farm Parcel Deep Groundwater 
• Future Adult Resident 
• Future Child Resident 

 
Greater than 1 (3.4) 
Greater than 1 (6.9) 

 

4.1 Preliminary Remediation Goal Development 

As stated in Section 3.0, for exposure pathways associated with risks that exceed EPA’s 

acceptable risk range for perchlorate, a PRG was calculated.  Therefore, based upon the 

conclusions of the BHHRA, a risk-based PRG was derived for perchlorate in on-site, Farm 

Parcel and off-site groundwater, the receptor pathways where reasonable maximum exposure 

non-cancer hazard quotients were calculated to be greater than 1.  PRGs are used in the RI/FS 

process to confirm that chemical-specific ARARs are protective of human health or, if a 

chemical-specific ARAR is not available for a given constituent, a PRG or revised PRG (that 

reflects other factors, such as uncertainty factors or technical factors) may be used as the site-

specific remediation goal. EPA risk assessment methodology was used to calculate the PRG 

(EPA 2016b).  This methodology uses up-to-date equations and input parameters as specified in 

the EPA Human Health Evaluation Manual (EPA 2014c).    

 

Receptor-Specific Input Parameters 

Residential default input parameters provided by EPA (EPA 2014c) were used for the 

derivation of the PRG in groundwater.   
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Target Hazard Levels 

For chemicals that have non-cancer health effects, USEPA (1989) states that “when the 

total hazard index for an exposed individual or group of individuals exceeds unity (1), there may 

be concern for potential non-cancer health effects”.  The Hazard Quotient/Hazard Index (HQ/HI) 

level of 1 is used as the point of departure for determining risk-based remediation goals for non-

carcinogens, therefore a PRG was calculated for perchlorate.   

The PRG was back-calculated as the perchlorate concentration at which the non-cancer 

hazard quotient would be equal to 1 when using the residential receptor-specific input parameters 

for both adult and child receptors.  These parameters consider residential exposure to perchlorate 

in groundwater through ingestion, dermal contact, and inhalation when showering.  Table 4-1 

provides the calculation of the PRG for perchlorate in on-site, Farm Parcel and off-site 

groundwater.  As shown there, the derived PRG for perchlorate in groundwater for a child 

receptor is 14 ppb, while the PRG for an adult receptor is 23.2 ppb.  Therefore, the 14 ppb PRG 

is selected as the representative perchlorate PRG, as it is protective of all receptors. 
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5.0 SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT 

A SLERA was conducted to evaluate the risks associated with the exposure of biota that 

are expected to be present for OU3 to concentrations of perchlorate detected in environmental 

samples collected at the Site (TRC, 2013a).  The OU3 SLERA describes existing habitats and 

ecological receptor species that have been noted or are expected to be present at the Site and 

evaluates the potential risks associated with the exposure of these biota to perchlorate detected in 

surface water, sediment and/or surface soil during previous investigations.  The objective of this 

risk assessment was to evaluate whether perchlorate present on or in the vicinity of the Site may 

pose adverse impacts to biota and to determine whether a more site-specific evaluation was 

needed to assess whether adverse impacts are occurring within specific exposure areas.   

A variety of exposure pathways may potentially affect ecological receptors in the vicinity 

of the Site.  Aquatic organisms such as invertebrates and fish that inhabit the aquatic habitat 

provided by the Hudson Branch adjacent to and downstream of the Site are directly in contact 

with perchlorate that may be present in surface water and sediment.  For these aquatic habitats, 

additional exposure pathways potentially exist to semi-aquatic receptors, such as amphibians, 

that breed and complete at least a significant portion of their life cycle in aquatic habitats.       

Portions of the manufacturing portion of the Site itself provide potential habitat for 

terrestrial plants, soil invertebrates, and some wildlife including herbivorous species, such as 

mourning doves and white-footed mice.  Terrestrial plants and soil invertebrates are directly 

exposed to perchlorate that may be present in surface soils while terrestrial herbivores may be 

exposed to perchlorate due to potential ingestion of contaminated plants that have 

bioaccumulated elevated levels of perchlorate within their tissues from impacted surface soils.  

In addition, these receptors may also be exposed to perchlorate through incidental ingestion of 

soil during foraging, grooming or preening activities.   

The selected assessment endpoints represented both community level and population 

level endpoints.  The assessment endpoints selected for the OU3 SLERA were: 1) fish 

community richness and abundance; 2) aquatic macroinvertebrate community diversity and 

abundance; 3) amphibian survival, reproduction and growth; 4) terrestrial plant survival and 

growth; 5) soil invertebrate community diversity and abundance; 6) avian terrestrial herbivore 

survival, reproduction and growth; and, 7) mammalian terrestrial herbivore survival, 

reproduction and growth. 
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The potential for chemicals to accumulate in plants and organisms has been shown to 

correlate well with the octanol-water partitioning coefficient (Kow) of the chemical.   The low log 

Kow (-7.14) value for perchlorate results in very high solubility in water.  Therefore, there is the 

potential for significant uptake in vegetation and herbivorous birds and mammals were 

consequently included as assessment endpoints.  Although chemicals with log Kow values in the 

2.0 to 7.0 range have some potential to bioaccumulate in organisms, EPA recommends that only 

chemicals with log Kow values above 3.5 be considered for evaluation of bioaccumulation 

potential, since chemicals with log Kow values below this level are not likely to bioaccumulate to 

any significant degree.  The log Kow of -7.14 previously noted for perchlorate results in very low 

potential for uptake in organisms.  Therefore, insectivorous, carnivorous and piscivorous birds 

and mammals were not included as assessment endpoints. 

Exposure to bioaccumulative contaminants of potential ecological concern (COPECs) via 

the terrestrial food chain was evaluated by modeling exposure to the indicator species selected 

for the Site (mourning dove and white-footed mouse).  The maximum surface soil perchlorate 

concentration at the Site was used to derive plant (both foliage and fruits/seeds) perchlorate 

concentrations.  The daily dose estimate was calculated for the avian/mammalian receptors based 

on the maximum perchlorate concentration detected within surface soil samples collected from 

the Site.   

The screening-level ecological effects characterization consists of establishing ecological 

toxicity reference values (TRVs) that represent conservative thresholds for adverse ecological 

effects consistent with the assessment endpoints for the ecological receptors evaluated in the 

OU3 SLERA.  Surface water and/or sediment quality criteria or benchmarks were used to assess 

potential impacts on the fish, amphibian, and aquatic invertebrate communities inhabiting the 

Hudson Branch while soil screening benchmarks associated with adverse effects on terrestrial 

vegetation and soil invertebrates were used to evaluate impacts to plants and invertebrates within 

the terrestrial habitats.  Risks via food chain exposure to herbivorous birds and mammals were 

evaluated by comparing modeled ingestion doses of perchlorate to TRVs for perchlorate 

developed for avian and mammalian receptors.  

Quantitative risk estimates for the OU3 SLERA were calculated using the HQ approach, 

which compares the exposure estimates of perchlorate with the applicable ecotoxicity 

benchmark.  The HQ is expressed as the ratio of the perchlorate exposure estimate, represented 
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by the maximum environmental media concentration (e.g., sediment) or the maximum estimated 

exposure dose for the wildlife indicator species, to the perchlorate ecotoxicity benchmark (i.e., 

TRV).  If the calculated HQ is one or less, then it is unlikely that perchlorate will result in an 

adverse effect on that measurement receptor.  Conversely, a HQ greater than one indicates that 

that particular measurement receptor may be at risk of an adverse effect from perchlorate.   

The OU3 SLERA concluded that, since the maximum surface water concentration of 

perchlorate (1.8 ppb) is well below the surface water screening TRVs for fish, aquatic 

invertebrates and amphibians (600 ppb, 600 ppb, and 23 ppb, respectively), perchlorate 

concentrations within the surface waters of the Hudson Branch are not expected to result in any 

adverse effects to the fish, aquatic invertebrate or amphibian communities present within this 

stream.  In addition, the maximum sediment concentration of perchlorate (10.9 ppb) is well 

below the sediment TRV for aquatic invertebrates (6.22 parts per million or ppm).  Therefore, 

impacts to aquatic invertebrates present within the sediment of the Hudson Branch are also 

unlikely.   

The maximum perchlorate concentration detected within the surface soil at the Site (5.9 

ppb) is well below TRVs associated with terrestrial plants (20 ppm) and soil invertebrates (44.5 

ppm).  Therefore, the SLERA concluded that impacts to these communities from perchlorate are 

not anticipated.  The estimated exposure doses of perchlorate ingested by an avian herbivore 

(mourning dove) and mammalian herbivore (white-footed mouse) are also well below avian and 

mammalian NOAEL TRVs.  Therefore, no impacts are predicted to these receptors.   

 

Receptor Hazard Quotient 
Fish Community  0.003 
Aquatic Invertebrate Community – Surface Water 0.003 
Aquatic Invertebrate Community – Sediment 0.002 
Amphibian Community 0.08 
Terrestrial Plant Community 0.0003 
Terrestrial Invertebrate 0.0001 
Mourning Dove  0.003 
White-footed Mouse 0.005 

 

A summary of the findings evaluated in the OU3 SLERA is presented in the above table.  

Based on the analysis of the seven selected indicators/endpoints in the OU3 SLERA for the 
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terrestrial and aquatic habitats provided by the SMC facility and the adjacent Hudson Branch, the 

results indicate that maximum detected concentrations of perchlorate in surface soil, surface 

water, and sediment are unlikely to pose a risk to the terrestrial and aquatic communities present.  

Therefore, in accordance with EPA risk assessment procedures, no further evaluation of 

perchlorate risks to ecological receptors at the Site is warranted or recommended.   

The SLERA was completed in May 2013 and was approved by EPA in May 2013. A 

copy of the final SLERA is provided in Appendix B. 
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6.0 CONCLUSIONS 

Site Characterization 

The OU3 environmental investigations conducted at the Site indicate that the Site’s soil, 

surface water, sediment and groundwater have been adequately characterized for perchlorate 

impacts.  A preliminary screening of the surface soil, sediment, surface water and groundwater 

perchlorate sample results against their respective screening levels (e.g., the EPA RSLs, EPA 

Interim Health Advisory level, site-specific PRG, and New Jersey ACO level) identified 

exceedances only in some groundwater values.  There were no exceedances in the other Site 

media (i.e., soil, surface water or sediment).  These criteria are all considered TBCs under 

CERCLA; no ARARs applicable to perchlorate in the various environmental media were 

identified. 

All concentrations of perchlorate detected in on-site soil were at least three orders of 

magnitude lower than the current perchlorate RSL for residential soil (55,000 ppb) and greater 

than four orders of magnitude lower than the current perchlorate RSL for industrial soil (820,000 

ppb).  Although perhaps indicative that perchlorate was used in these areas, the levels are low 

and not indicative of significant releases of the material.  Furthermore, a soil mass flux and 

groundwater mass balance calculation was performed to determine if the residual perchlorate 

contamination in the soil could impact the underlying groundwater with perchlorate 

concentrations exceeding 5 ppb (the New Jersey ACO level) over a long-term period.  The 

results of the evaluation indicated that the residual perchlorate remaining in the soils would not 

be acting as a continuing source of perchlorate contamination to the groundwater. 

The general absence of perchlorate in the surface water and sediment samples indicates 

that neither contaminated groundwater nor the discharge of stormwater to surface water is 

adversely impacting surface water or sediment quality.  As the highest concentrations of 

perchlorate in groundwater were typically identified within the deep aquifer zone, well beneath 

any potential interface with the surface water bodies, discharges of groundwater to surface water 

would not be expected to have a significant impact on surface water/sediment perchlorate levels.   

On-site and off-site monitoring wells and extraction wells have exhibited perchlorate 

groundwater concentrations as high as 158 ppb and perchlorate concentration isopleths created 

for the shallow, intermediate, and deep zones of the aquifer indicate a sinking perchlorate plume 
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migrating in a southwesterly direction under the influence of advective groundwater transport 

and a downward hydraulic gradient.  Using the New Jersey ACO level of 5 ppb, the extent of the 

perchlorate plume was well defined by the perchlorate groundwater RI results.  The RI also 

identified perchlorate as a regional deep aquifer issue, with moderate concentrations of 

perchlorate identified in wells located upgradient and sidegradient of the Site, including USGS 

well OBS-2A (4.8 ppb), on-site monitoring well W3D (8.6 ppb), and monitoring well SC40D 

(4.0 ppb).  Two of the wells, OBS-2A and SC40D, are located well off-site.  OBS-2A is located 

more than 1,600 feet to the northeast of the Site’s AOC-1 and SC40D is located approximately 

3,500 feet to the northwest of the Site’s AOC-2.  Given the northeast to southwest groundwater 

flow direction at the Site, OBS-2A is clearly upgradient and SC40D is side-gradient of the Site.  

Although well W3D is within the Site’s property boundary (northeast of Former Lagoon Area 

and Former Furnace Building), it is several hundred feet upgradient of the perchlorate storage 

and use area and therefore would not be influenced by on-site perchlorate contamination.  The 

regional presence of perchlorate may have resulted from the extensive agricultural land use 

within the area and the potential use of Chilean-mined fertilizers (of which perchlorate is a 

component) on the cultivated soils of the area farms.  The documentation of the presence of 

perchlorate in lettuce crops in Newfield and Bridgeton and spinach crops in Vineland (U.S. Food 

and Drug Administration, 2005) and the historical use of irrigation wells in the area provide 

additional evidence of a regional groundwater perchlorate issue.  In 2009, drinking water quality 

testing conducted by the City of Vineland (which obtains its drinking water from groundwater) 

included perchlorate as an analyte under the Unregulated Contaminant Monitoring Rule (City of 

Vineland, 2009).  Perchlorate was reported as having been detected at concentrations ranging 

from 5.18 to 6 ppb in drinking water supply samples, further demonstrating the regional presence 

of perchlorate in the groundwater. 

Baseline Human Health Risk Assessment 

The BHHRA evaluated potential risks to Future On-Site Construction/Utility Workers, 

Future On-Site Commercial/Industrial Workers, Future On-Site Residents (Adult and Child), 

Future Off-Site Residents (Adult and Child) and Future Farm Parcel Residents (Adult and Child) 

from ingestion of and/or dermal contact with perchlorate in groundwater.  Non-cancer HQ values 
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exceed EPA’s non-cancer HI reference level of 12 for Shallow On-Site Groundwater – Future 

Child Resident; Off-Site Deep Groundwater – Future Adult and Child Resident; Farm Parcel 

Intermediate Groundwater – Future Child Resident; and Farm Parcel Deep Groundwater – Future 

Adult and Child Resident.   

Currently, the Site is zoned Industrial/Light Industrial and there is no reasonable 

expectation that this land use will be changed in the future.  SMC’s future development plans 

include industrial use of the facility, as the potential site of a solar array and continued current 

use of the buildings for warehousing and construction equipment storage.  Furthermore, as part 

of other remedial actions at the Site, a deed restriction prohibiting use for future residential 

development will be applied to the Site, as documented in the OU2 ROD signed September 2014 

(EPA, 2014a).  Existing off-site exposures are also limited, as no nearby residents are using 

private groundwater wells as a potable source of water.  Potable water is provided locally by the 

Newfield Water Department and the Vineland Water and Sewer Utility.  Both utilities rely solely 

on groundwater sources for their potable water.  Due to chromium and TCE contamination, the 

City of Vineland has designated an area of the city downgradient from the Site as a well 

restriction area requiring mandatory connection to the public water systems. 

While current land use and zoning limit existing exposures to on-site and off-site 

groundwater, groundwater at and in the vicinity of the Site is classified by the State of New 

Jersey as a Class II-A potable aquifer.  The primary designated use for Class II groundwaters is 

the provision of potable groundwaters with conventional water supply (NJAC 7:9C-1.5(e)).  

Therefore, ARARs applicable to the remediation of Class II-A groundwater are based on potable 

use of the groundwater.  The impact of the regulatory classification of the groundwater on 

potential groundwater remediation is also consistent with the NCP’s stated preference for 

returning useable groundwaters to their beneficial uses wherever practicable (40 CFR 

300.430(a)(1)(iii)(F)).   

Risk-Based Preliminary Remediation Goal 

 
2 EPA’s Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A) (EPA, 
1989) states that when the total hazard index exceeds unity (1), there may be concern for potential non-cancer 
effects. 
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A site-specific, risk-based PRG was calculated for the Site’s groundwater.  The 

calculated value was 14 ppb which is comparable to the EPA’s Interim Health Advisory level of 

15 ppb. 

Screening-Level Ecological Risk Assessment 

The results of the SLERA indicate that maximum detected concentrations of perchlorate 

in surface soil, surface water, and sediment are unlikely to pose a risk to the terrestrial and 

aquatic communities present at the Site.  Therefore, in accordance with EPA risk assessment 

procedures, no further evaluation of perchlorate risks to ecological receptors at the Site is 

warranted or recommended.   

In summary, the OU3 RI Report has accomplished the following objectives: 

• Presented OU3 RI activities and results; 

• Completely characterized OU3; 

• Presented the risk assessment work; and 

• Provided information that can support the FS. 

It is recommended that the FS process for OU3 should commence with the preparation of 

the initial deliverables including the Candidate Technologies Memorandum and the additional 

groundwater sampling work plan. 
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Sample ID Date Sampled
Approx. Ground 

Surface 
Elevation (ftmsl)

Sample Depth 
(ftbgs)

Approx. Sample 
Elevation (ftmsl)

Relative 
Aquifer Depth

Perchlorate 
(ug/L)

Vertical Profile Samples (2009 Investigation)
VP-13 (25-30) 10/14/2009 102 25-30 77 to 72 Shallow <3.0
VP-13 (50-55) 10/14/2009 102 50-55 52 to 47 Shallow <3.0
VP-13 (75-80) 10/14/2009 102 75-80 27 to 22 Intermediate 3.9
VP-13 (100-105) 10/15/2009 102 100-105 2 to -3 Deep 10.6
VP-13 (125-130) 10/15/2009 102 125-130 -23 to -28 Deep 5.7

VP-13A (15-20) 10/22/2009 89 15-20 74 to 69 Shallow <3.0
VP-13A (37-42) 10/22/2009 89 37-42 52 to 47 Shallow <3.0
VP-13A (62-67) 10/22/2009 89 62-67 27 to 22 Intermediate 4.3
VP-13A (87-92) 10/23/2009 89 87-92 2 to -3 Deep 3.4
VP-13A (111-116) 10/23/2009 89 111-116 -22 to -27 Deep 6.0

VP-14 (35-40) 10/16/2009 100 35-40 65 to 60 Shallow 0.93 J (2)

VP-14 (55-60) 10/16/2009 100 55-60 45 to 40 Shallow <3.0
VP-14 (80-85) 10/19/2009 100 80-85 20 to 15 Intermediate 1.6 J (1)

VP-14 (105-110) 10/19/2009 100 105-110 -5 to -10 Deep 6.2
VP-24 (105-110) Field Dup 10/19/2009 100 105-110 -5 to -10 Deep 5.9
VP-14 (130-135) 10/19/2009 100 130-135 -30 to -35 Deep 12.5

VP-15 (30-35) 10/12/2009 91 30-35 61 to 56 Shallow <3.0
VP-15 (45-50) 10/12/2009 91 45-50 46 to 41 Shallow <3.0
VP-15 (65-70) 10/13/2009 91 65-70 26 to 21 Intermediate <3.0
VP-15 (88-93) 10/13/2009 91 88-93 3 to -2 Deep 4.9
VP-15 (114-119) 10/13/2009 91 114-119 -23 to -28 Deep <3.0

VP-15A (15-20) 10/20/2009 76 15-20 61 to 56 Shallow <3.0
VP-15A (38-43) 10/21/2009 76 38-43 38 to 33 Shallow <3.0
VP-15A (55-60) 10/21/2009 76 55-60 21 to 16 Intermediate <3.0
VP-15A (77-82) 10/21/2009 76 77-82 -1 to -6 Deep 1.6 J (2)

VP-15A (99-104) 10/21/2009 76 99-104 -23 to -28 Deep 2.5 J (2)

VP-25A (99-104) Field Dup 10/21/2009 76 99-104 -23 to -28 Deep 2.9 J (2)

NOTES:
     (1) - Data qualifier changed to "J" by data validation
     (2) - Data not validated, but qualifier changed to "J" consistent with data validation
     BOLD - indicates that value is greater that the perchlorate action level of 5 µg/L
     Shaded - Indicates that value is greater than the EPA Interim Health Advisory Level of 15 µg/L
     micrograms per Liter (µg/L) is equivalent to parts per billion
     ftmsl - feet above mean sea level (NAVD 27)
     ftbgs - feet below ground surface
     J - Indicates a result is less than the reporting limit and estimated by the laboratory

Perchlorate Remedial Investigation
Current and Previous Off-Site Groundwater Vertical Profiling Perchlorate Results

Newfield, New Jersey

TABLE 2-2

Shieldalloy Metallurgical Corporation

Page 1 of 2



Sample ID Date Sampled
Approx. Ground 

Surface 
Elevation (ftmsl)

Sample Depth 
(ftbgs)

Approx. Sample 
Elevation (ftmsl)

Relative 
Aquifer Depth

Perchlorate 
(ug/L)

Perchlorate Remedial Investigation
Current and Previous Off-Site Groundwater Vertical Profiling Perchlorate Results

Newfield, New Jersey

TABLE 2-2

Shieldalloy Metallurgical Corporation

Vertical Profile Samples (2006/2007 Investigation)
VP-1 (15-20) 11/28/2006 85 15-20 70 to 65 Shallow <0.3
VP-1 (35-40) 11/28/2006 85 35-40 50 to 45 Shallow <0.3
VP-1 (60-65) 11/29/2006 85 60-65 25 to 20 Intermediate <0.3
VP-1 (85-90) 11/29/2006 85 85-90 0 to -5 Deep 5.6
VP-1 (105-110) 11/29/2006 85 105-110 -20 to -25 Deep 3.0

VP-2 (15-20) 11/30/2006 85 15-20 70 to 65 Shallow <0.3
VP-2 (35-40) 12/1/2006 85 35-40 50 to 45 Shallow 4.2
VP-2 (60-65) 12/1/2006 85 60-65 25 to 20 Intermediate 9.6
VP-2 (85-90) 12/1/2006 85 85-90 0 to -5 Deep 49.9
VP-2 (110-115) 12/1/2006 85 110-115 -25 to -30 Deep 9.4

VP-3 (25-30) 12/4/2006 95 25-30 70 to 65 Shallow <0.3
VP-3 (45-50) 12/5/2006 95 45-50 50 to 45 Shallow <0.3
VP-30 (45-50) Field Dup 12/5/2006 95 45-50 50 to 45 Shallow <0.3
VP-3 (70-75) 12/6/2006 95 70-75 25 to 20 Intermediate 7.9
VP-3 (95-100) 12/6/2006 95 95-100 0 to -5 Deep 34
VP-3 (115-120) 12/6/2006 95 115-120 -20 to -25 Deep 28.3

VP-4 (30-35) 12/11/2006 100 30-35 70 to 65 Shallow 1.3
VP-4 (50-55) 12/11/2006 100 50-55 50 to 45 Intermediate 1.3
VP-4 (75-80) 12/11/2006 100 75-80 25 to 20 Intermediate 3.3
VP-4 (75-80) Field Dup 12/11/2006 100 75-80 25 to 20 Intermediate 3.1
VP-4 (100-105) 12/11/2006 100 100-105 0 to -5 Deep <0.3
VP-4 (121-126) 12/11/2006 100 121-126 -21 to -26 Deep 6.8

VP-10 (20-25) 12/15/2006 85 20-25 65 to 60 Shallow 2.4
VP-10 (35-40) 12/15/2006 85 35-40 50 to 45 Shallow <0.3
VP-10 (60-65) 12/18/2006 85 60-65 25 to 20 Intermediate 3.4
VP-100 (60-65) Field Dup 12/18/2006 85 60-65 25 to 20 Intermediate 3.4
VP-10 (85-90) 12/18/2006 85 85-90 0 to -5 Deep 17.4
VP-10 (109-114) 12/18/2006 85 109-114 -24 to -29 Deep 6.7

NOTES:
     (1) - Data qualifier changed to "J" by data validation
     (2) - Data not validated, but qualifier changed to "J" consistent with data validation
     BOLD - indicates that value is greater that the perchlorate action level of 5 µg/L
     Shaded - Indicates that value is greater than the EPA Interim Health Advisory Level of 15 µg/L
     micrograms per Liter (µg/L) is equivalent to parts per billion
     ftmsl - feet above mean sea level (NAVD 27)
     ftbgs - feet below ground surface
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     EPA R
egional Screening Level for perchlorate in residential soil is 55,000 µg/kg and 720,000 µg/kg in industrial soil.

     Shaded results are in excess of the EPA R
egional Screening Level for perchlorate.

     m
icrogram

s per Liter (µg/kg) is equivalent to parts per billion

     ftbgs - feet below
 ground surface

     J - Indicates a result is less than the reporting lim
it and estim

ated by the laboratory
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Soil Investigation, Monitoring/Extraction Well Sampling, Groundwater Vertical Profiling,
and Surface Water and Sediment QA/QC Results

Sample ID Date Sampled Perchlorate (µg/L)

Soil / Sediment Investigation Field Blank Samples
FB102609(1) 10/26/2009 <3.0
FB102609(2) 10/26/2009 <3.0
FB102709(1) 10/27/2009 <3.0
FB102709(2) 10/27/2009 <3.0
FB102809(for SS Samples) 10/28/2009 <3.0
FB102809(for SED Samples) 10/28/2009 <3.0

Monitoring/Extraction Well Sampling Field Blank Samples
FB102009A 10/20/2009 <3.0
FB102109 10/21/2009 <3.0
FB102209 10/22/2009 <3.0
FB111909 11/19/2009 <3.0
FB090810 9/8/2010 <3.0
FB090910 9/9/2010 <3.0
FB042911 4/29/2011 <3.0

Groundwater Vertical Profiling Field Blank Samples
FB101209 10/12/2009 <3.0
FB101309 10/13/2009 <3.0
FB101409 10/14/2009 <3.0
FB101509 10/15/2009 <3.0
FB101609 10/16/2009 <3.0
FB101909 10/19/2009 <3.0
FB102009 10/20/2009 <3.0
FB102109 10/21/2009 <3.0
FB102209 10/22/2009 <3.0
FB102309 10/23/2009 <3.0

Environmental Samples / "Blind" Duplicate Samples
Monitoring Well Sampling
IWC-5 / IWC-6 10/21/2009 11.7 / 10.7
SC9S / SC33S 10/21/2009 8.2 / 8.0
SC32D / SC35D 10/22/2009 3.2 / 3.3
SC3D(R) / SC34D 10/21/2009 141 / 136
SC34D / SC37D 11/19/2009 150 / 152
SC36D / SC37D 9/8/2010 6.4 / 5.6
SC40D / SC49D 4/29/2011 4.0 / 3.9
K / J 9/9/2010 1.9J / 3.0

Groundwater Vertical Profiling
VP-14(105-110) / VP-24(105-110) 10/19/2009 6.2 / 5.9
VP-15A(99-104) / VP-25A(99-104) 10/21/2009 2.5J / 2.9J

Soil Investigation*
SS-07(6-8') / SS-27(6-8') 10/26/2009 <9.6 / <9.6
SS-12(5-7') / SS-32(5-7') 10/27/2009 <9.6 / <9.6
SS-23(2-4') / SS-33(2-4') 10/28/2009 <10 / <10

Surface Water / Sediment Investigation
SED-4 / SED-10* 10/28/2009 10.9J / <42
SW-4 / SW-10 10/28/2009 <3.0 / <3.0

NOTES:
     Action Level for Perchlorate is 5 µg/L (per Administrative Consent Order signed February 1, 2006).

     micrograms per Liter (µg/L) is equivalent to parts per billion

     J - Indicates a result is less than the reporting limit and estimated by the laboratory
     * - Soil and sediment perchlorate results are presented in micrograms per kilogram (µg/kg)

Perchlorate Remedial Investigation

Newfield, New Jersey

TABLE 2-4

Shieldalloy Metallurgical Corporation
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Sample ID Date Sampled
Surface Water 

(ug/l) Sediment (ug/kg)

Surface Water / Sediment Sample Identifications
SW-1A / SED-1A 10/28/2009 1.8 J (1) <12
SW-1 / SED-1 10/28/2009 <3.0 <18
SW-2 / SED-2 10/28/2009 <3.0 <19 (2)

SW-3 / SED-3 10/28/2009 <3.0 <13
SW-4 / SED-4 10/28/2009 <3.0 10.9 J (1)

SW-10 / SED-10 Field Dup 10/28/2009 <3.0 (2) <42
SW-5 / SED-5 10/28/2009 <3.0 <27
SW-6 / SED-6 10/28/2009 <3.0 <16
SW-7 / SED-7 10/29/2009 <3.0 <21
SED-8 10/29/2009 Dry <11
SW-9 / SED-9 10/29/2009 <3.0 <47

NOTES:

     (1) - Data qualifier changed to "J" by data validation

     (2) - Data validation indicated analytical result should be reported as less than the laboratory reporting limit

     There are no established guidance or criteria for perchlorate in surface water or sediment
     micrograms per Liter (µg/L) is equivalent to parts per billion

     ftmsl - feet above mean sea level (NAVD 27)

     ftbgs - feet below ground surface

     J - Indicates a result is less than the reporting limit and estimated by the laboratory

TABLE 2-5

Shieldalloy Metallurgical Corporation

Perchlorate

Perchlorate Remedial Investigation
Surface Water and Sediment Investigation Perchlorate Results

Newfield, New Jersey
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Response to USEPA’s September 3, 2014 Comments on the Draft OU3 Human Health Risk 
Assessment, Shieldalloy Metallurgical Corporation Superfund Site, Newfield, New Jersey 
 

General Comment 
 

1. EPA Comment:  The discussion of perchlorate as a potential regional/background issue 
needs to be expanded. Three wells, two of which are considered on-site, are not enough 
to support this claim.  A figure identifying contaminated upgradient/sidegradient wells 
and a statistical analysis will aid future risk management decisions at the site.   
 
TRC Response:  The Remedial Investigation Report (RIR) is the appropriate place for 
an expanded discussion of regional/background perchlorate conditions.  An appropriate 
discussion will be included in the RIR.  It should be noted that the potential perchlorate 
background issues had no impact on the quantitative analyses performed in the Risk 
Assessment.  A statement indicating this has been added to Section 2.8.2. 
 
For general understanding, we note the following.  Figure 2-1 of the Risk Assessment 
depicts the locations of the on-site and off-site monitoring wells. Two of the wells, OBS-
2A and SC40D, are located well off-site.  OBS-2A is located to the northeast of the Site 
(top right corner of figure) and SC40D is located to the northwest of the Site (top left 
corner of the figure).  Given the northeast to southwest groundwater flow direction at the 
site, OBS-2A is clearly upgradient and SC40D is sidegradient of the Site. Although well 
W3D is within the property boundary (northeast of Former Lagoon Area and Former 
Furnace Building), it is upgradient of the perchlorate storage and use area and therefore 
would not be influenced by on-site perchlorate contamination.  Additionally, there is 
documentation of the presence of perchlorate in lettuce crops in Newfield and spinach 
crops in Vineland and the historical use of irrigation wells in the area seem to provide 
additional evidence of a regional groundwater perchlorate issue.     
 

2. EPA Comment:  The May 2014 EPA RSL table has the tapwater RSL for perchlorate 
and perchlorate salts at 1.4 ug/L (HQ=0.1).  Please update Table 2s accordingly. In the 
discussion of screening levels on page 9 in Section 2.2.3, please also indicate that NJDEP 
has an Interim Specific Groundwater Criteria of 5 ug/L.    
 
TRC Response:  Noted.  The updated soil and sediment RSLs have also been changed in 
the respective tables. There were no changes to the selection of COPCs based upon the 
revised RSLs.  The text now refers to the NJDEP Interim Specific Groundwater Criteria. 
 

3. EPA Comment:  Two new OSWER directives have been issued and are relevant to 
OU3: 9200.1-120 (Human Health Evaluation Manual, Supplemental Guidance: Update of 
Standard Default Exposure Factors, February 2014) and 9283.1-42 (Determining 
Groundwater Exposure Point Concentrations, Supplemental Guidance, March 2014).  
Please review and provide a discussion of how each may impact risk estimates in the 
uncertainty section.    
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TRC Response:  A discussion of the impact of OSWER Directive 9200.1-120 and 
9283.1-42 is provided in the Uncertainty Assessment. 

4. EPA Comment:  Please include a “/”: Industrial/Commercial Worker to indicate a 
construction OR utility worker.  

TRC Response:  Noted, however, we believe the comment should refer to “Industrial 
OR commercial” worker not “construction OR utility” worker. 

5. EPA Comment:  While off-site groundwater (including the Farm Parcel) may not 
currently be used for drinking water purposes, if it is zoned potable by the State, it is 
assumed that it could be used as such in the future.  Please refrain from downplaying the 
potential for contamination to a drinking water source even if it is not currently used for 
this purpose.   

TRC Response: As previously discussed, potable water is provided locally by the 
Newfield Water Department and the Vineland Water and Sewer Utility. Both utilities rely 
solely on groundwater sources for their potable water. Due to chromium and TCE 
contamination, the City of Vineland has designated an area of the city downgradient from 
the Site as a well restriction area requiring mandatory connection to the public water 
systems.  The Farm Parcel is within that well restriction area and there is no reasonable 
expectation that this restriction will be changed in the future.  However, the phrase 
“although highly unlikely” has been removed from the paragraphs describing the on-site, 
off-site and Farm Parcel resident receptor populations in Section 2.3.4. 
 
Specific Comments 
 

1. Uncertainty Analysis, 2nd Paragraph, Page ES-5 
 
EPA Comment:  Please omit the following: “Should additional studies determine that 
adverse effects occur at a higher dose than is assumed here, the resultant risks would 
decrease.”  Additional studies could determine the opposite as well.    
 
TRC Response:  Noted.  The sentence has been deleted. 
 

2. Section 2.4.2.1, Averaging Time, Page 20 
 
EPA Comment:  Please omit the last sentence regarding carcinogens since perchlorate is 
a non-carcinogen. 
 
TRC Response:  Noted.  The sentence has been deleted. 
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3. Section 2.4.2.2, Future On-Site Adult industrial Commercial Worker, Page 20 
 
EPA Comment:  Please eliminate the term “fraction of time exposed”.  EPA does not use 
this term in an estimation of risk from consumption of contaminated drinking water. The 
ingestion rate is assumed to occur at any time during the course of the day.  
 
TRC Response:  Noted.  The text and associated risk estimates have been revised. 
 

4. Section 2.8.6, Risk Characterization, Last Sentence, Page 41 
 
EPA Comment:   “However, since perchlorate is the only COPC, there is no uncertainty 
within this risk evaluation related to the assumption that chemical specific risks are 
additive.”  While perchlorate is the sole COPC for this OU, please include a discussion of 
the additive risk from OU1 & OU2.   
 
TRC Response:  Noted.  Text has been added to this section in the Uncertainty 
Assessment discussing additive risk from OU1 and OU2. 
 

5. Table 1 
 
EPA Comment:  Please explain how an On-Site Worker is different from an On-Site 
Industrial/Commercial Worker. The Construction/Utility Worker surface soil exposure 
medium should have only surface soil as the exposure point otherwise the exposure 
medium should be surface/subsurface soil. Should one be On-Site and one Off-Site 
Construction/Utility Worker? Please distinguish between residents. There is an On-site 
Resident. Is the other “Resident” Off-site or on the Farm Parcel? Please add a note for the 
(a) designation next to resident. If for adult, then the child resident should be designated 
with a (c).   
 
TRC Response:  The Facility is currently used as office space and is sublet as 
warehousing for construction companies and the Newfield Borough.  Therefore the 
Current On-Site Workers are those workers currently on-site for those various activities.  
There is no current groundwater usage at the site; therefore the last column of Table 1 
notes that this pathway is excluded for the Current On-Site Worker.  Future On-Site 
Commercial/Industrial Workers are full-time employees of a hypothetical, future business 
development at the Site.  Although groundwater use is restricted, it was assumed, for the 
purposes of the risk assessment that there would be groundwater use in the future. 
 
The exposure medium for the Construction/Utility worker has been corrected and is now 
surface/subsurface soil. 
 
The “(a)” behind the word resident was not intended to denote an adult receptor but 
referred to a footnote that inadvertently was not printed with the table.  Footnote (a) on 
Table 1 reads: “Three residential groundwater exposure scenarios are evaluated, 
consisting of exposure to on-site groundwater, off-site groundwater or Farm Parcel 
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groundwater”.  An adult and child receptor as denoted in the “Receptor Age” column was 
evaluated for each groundwater data set.  

 
6. Tables 4.1 RME & CTE 

 
EPA Comment:  For the adult on-site future Construction/Utility Worker exposed to 
groundwater, the event frequency (EV) was provided as 1 event per day based on BPJ for 
hand washing.  This particular exposure pathway is when the Construction/Utility 
Worker is exposed to shallow groundwater as in a trench (thus the 4 hour/day ED). Please 
omit hand washing from the rationale for this exposure scenario. 
 
TRC Response:  The hand washing events/day was inadvertently included as a 
descriptor for EV.  The tevent of 4 hours properly reflected the 4 hour/day ED for 
trenching activities.  “Hand washing events/day” has been removed from the description. 
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EXECUTIVE SUMMARY 

 On April 28, 2010, the U.S. Environmental Protection Agency (USEPA), TRC Companies, 

Inc. and Shieldalloy Metallurgical Corporation (SMC) entered into an Administrative Agreement 

and Order on Consent (AOC) to perform a Remedial Investigation/Feasibility Study (RI/FS) at the 

Shieldalloy Metallurgical Superfund Site (the “Site”) located in the Borough of Newfield, New 

Jersey (Comprehensive Environmental Response Compensation and Liability Act (CERCLA) 

Docket No. 02-2010-2017).  The AOC defined Operable Unit 3 (OU3) as perchlorate (all media).  

SMC is the responsible party for OU3.  TRC Environmental Inc. (TRC) is SMC’s project 

contractor/coordinator.  The AOC requires that an OU3 Baseline Human Health Risk Assessment 

(BHHRA) be conducted in accordance with current USEPA methodology as part of the required 

RI/FS.  This Draft OU3 BHHRA was developed in accordance with OSWER Directive 9285.7-47 

dated December 2001, entitled, “Risk Assessment Guidelines for Superfund Part D.”   

 The OU3 Perchlorate Site Characterization Summary Report (SCSR) (TRC 2011) indicates 

that specialty metals manufacturing occurred at the SMC Facility (comprising approximately 67.7 

acres) from 1955 to 2007.  Potassium perchlorate was used as an oxidizer in the on-site furnace to 

increase temperature and enhance furnace performance.  OU3 media include facility soils, facility 

groundwater, as well as soil/sediment and surface water associated with Site water bodies, namely, 

an unnamed on-site impoundment, the Hudson Branch stream, and Burnt Mill Pond.  In addition, 

off-site groundwater and groundwater at the “Farm Parcel”, a 19.8-acre farmland parcel owned by 

SMC and located approximately 2,000 feet southwest of the main facility, are also included in 

OU3. 

 This Draft OU3 BHHRA has been prepared by TRC, on behalf of SMC, to fulfill Section 

IV, Task III, A.5 of Appendix A, Statement of Work, to the AOC. The Draft OU3 BHHRA 

evaluates risk under baseline conditions (i.e. in the absence of any remedial action or control, 

including institutional controls or engineering controls, such as fencing or caps).  Generally, the 

components of the Draft OU3 BHHRA include: 

 
 Identification of Constituents of Potential Concern (COPCs); 
 Exposure Assessment; 
 Toxicity Assessment; 
 Risk Characterization; and 
 Uncertainty Analysis. 
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 The Draft OU3 BHHRA builds upon the OU3 Conceptual Site Model and Memorandum 

on Exposure Scenarios and Assumptions (CSM and ESA Memo, TRC 2012, dated December) and 

the Pathways Analysis Report (PAR, TRC 2013, dated May), each of which described the risk 

assessment process and how the Draft OU3 BHHRA would be prepared.  More specifically, the 

OU3 Conceptual Site Model and Memorandum on Exposure Scenarios and Assumptions 

developed the potential exposure scenarios and exposure pathways as well as the equations used 

for the quantification of intakes and exposure values for the receptors.  The OU3 PAR provided 

the identification of media with elevated concentrations of perchlorate, the calculation of exposure 

point conentrations (EPCs) and the toxicological information available for perchlorate.  EPA 

approved the CSM and ESA Memo, as well as the PAR on February 4, 2014.  

 
 COPCs/Exposure Assessment 

 Detected constituent concentrations of perchlorate were compared to the appropriate 

USEPA Residential Regional Screening Levels (RSLs) (USEPA 2014) to identify the media that 

would be retained for more detailed evaluation.  Perchlorate concentrations in facility (combined 

surface/subsurface) soil, sediment and surface water were below Residential RSLs for those media 

(sediment was compared to the Residential soil RSL and surface water was compared to the 

Residential tapwater RSL).  Therefore, none of these media were retained for further evaluation. 

 Perchlorate concentrations in the on-site, off-site and Farm Parcel groundwater (at each of 

three depth intervals) exceeded the Residential RSL (USEPA 2014) for tapwater and thus all were 

retained for evaluation.  

 As described in the approved OU3 Conceptual Site Model and Memorandum on Exposure 

Scenarios and Assumptions and OU3 PAR, the receptors included: Future On-Site 

Construction/Utility Workers, Future On-Site Commercial/Industrial Workers, Future On-site 

Residents (Adult and Child), Future Off-site Residents (Adult and Child) and Future Farm Parcel 

Residents (Adult and Child).  With the exception of the Future On-Site Construction/Utility 

Worker, three groundwater depths (shallow, intermediate and deep) were evaluated for ingestion 

and dermal contact for each receptor.  The Future On-Site Construction/Utility Worker was 

evaluated for dermal exposure to shallow on-site groundwater during subsurface excavation 

activities. The Draft OU3 BHHRA estimates exposure intakes and exposure parameters consistent 

with USEPA guidance. 
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 Toxicity Assessment 

 Non-cancer toxicity criteria for perchlorate were obtained USEPA’s Integrated Risk 

Information System (IRIS) database (USEPA 2013a).  USEPA’s weight of evidence of 

carcinogenicity for perchlorate is “not likely to be carcinogenic to humans” (USEPA 2013a); 

therefore, carcinogenic risk was not evaluated. 

 
 Risk Characterization 

 The results of the quantitative risk analysis are usually presented in two forms, cancer risk 

and the non-cancer Hazard Quotient (HQ).  However, USEPA’s weight of evidence of 

carcinogenicity for perchlorate is “not likely to be carcinogenic to humans” (USEPA 2013a); 

therefore, carcinogenic risk was not evaluated. 

 For estimating risks to individual non-carcinogens, the HQ is used.  The HQ is calculated 

as the non-cancer exposure intake (mg/kg-d) divided by the Reference Dose (RfD) (mg/kg-d).  

Chronic RfDs are used for scenarios involving long-term exposures (i.e., industrial and 

residential).  The HQs are summed across pathways to calculate a Hazard Index (HI) for each 

pathway in each scenario.   

 The estimated non-cancer HIs are compared to available regulatory guidelines.  Regarding 

non-carcinogenic health hazards, (USEPA 1989) states that: 

 
"When the total hazard index for an exposed individual or group of individuals 

exceeds unity, there may be concern for potential non-cancer health effects." 

 
 Therefore, regarding non-carcinogenic health hazards, a HI equal to or less than one is 

generally acceptable (USEPA 1989).   

 Calculated non-cancer hazards are summarized in Table ES-1 for each receptor. As shown 

in Table ES-1, the target level of 1E+00 that USEPA has identified in the National Contingency 

Plan (NCP) as representing an acceptable exposure level was exceeded for the following receptors:   

 
 Future Child Resident exposed to on-site shallow groundwater,  
 Future Adult and Child Resident exposed to off-site deep groundwater, 
 Future Child Resident exposed to Farm Parcel intermediate groundwater, and 
 Future Adult and Child Resident exposed to Farm Parcel deep groundwater. 
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Table ES-1. Summary of SMC OU3 BHHRA Results 
 

Receptor Non-Cancer Drivers (HQ>1) 
On-Site Shallow Groundwater 

Future Construction/Utility Worker 4.7E-03  

Future Commercial/Industrial Worker 4.7E-01  

Future Adult Resident 6.7E-01  

Future Child Resident 1.4E+00 Ingestion of groundwater 

On-Site Intermediate Groundwater 
Future Commercial/Industrial Worker 1.6E-01  

Future Adult Resident 2.2E-01  

Future Child Resident 4.6E-01  

On-Site Deep Groundwater 

Future Commercial/Industrial Worker 2.7E-01  

Future Adult Resident 3.8E-01  
Future Child Resident 7.6E-01  

Off-Site Shallow Groundwater 

Future Adult Resident 7.7E-02  

Future Child Resident 1.6E-01  

Off-Site Intermediate Groundwater 

Future Adult Resident 5.1E-01  

Future Child Resident 1.0E+00  

Off-Site Deep Groundwater 

Future Adult Resident 2.4E+00 Ingestion of groundwater 

Future Child Resident 4.8E+00 Ingestion of groundwater 

Farm Parcel Shallow Groundwater 
Future Adult Resident 3.8E-01  

Future Child Resident 7.6E-01  

Farm Parcel Intermediate Groundwater 

Future Adult Resident 5.3E-01  

Future Child Resident 1.1E+00 Ingestion of groundwater 

Farm Parcel Deep Groundwater 
Future Adult Resident 3.4E+00 Ingestion of groundwater 
Future Child Resident 6.9E+00 Ingestion of groundwater 

Bold = HQ/HI>1E+00 
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The ingestion of groundwater pathway was the significant exposure pathway.  Dermal contact with 

groundwater showed insignificant risk. 
 

 Uncertainty Analysis 

 The uncertainty analysis identifies the key uncertainties associated with the human health 

risk estimates.  Uncertainties are present in the underlying inputs from each component of the risk 

assessment (i.e., hazard identification, dose-response assessment, exposure assessment, and risk 

characterization).  The goal of the risk assessment is to provide reasonable but conservative risk 

estimates to guide decision-making.  By using standardized methodology guidelines, in particular 

USEPA guidance (USEPA 1989), the risk characterization provides a basis for determining 

whether additional remediation needs to be considered.   

 The parameters used in this Draft OU3 BHRRA were selected to provide a conservative 

(i.e., heath-protective) estimate of risk and, if anything, are expected to overestimate the potential 

risks to the human health posed by the Site.  The perchlorate RfD is especially conservative in that 

it is based upon a non-statistically significant decrease in iodide uptake in healthy volunteers.  Not 

only was the decrease non-significant, the decrease is also considered a biochemical effect and not 

an adverse effect.  An additional uncertainty factor of 10 was applied to protect the most sensitive 

population, the fetuses of pregnant women who might have hypothyroidism or iodide deficiency.  

Studies of the general population exposed to perchlorate via the drinking water found no 

significant increase in the incidence of thyroid diseases relative to a comparison group whose 

drinking water did not have perchlorate.   

 Also, it appears that there may be a regional/background deep aquifer zone perchlorate 

issue, as discussed in the SCSR (TRC 2011).  Moderate concentrations of perchlorate were 

identified in wells located upgradient or sidegradient of the Site, including USGS well OBS-2A 

(4.8 ppb), on-site monitoring well W3D (8.6 ppb) and monitoring well SC40D (4.0 

ppb).   Therefore, the regional/background concentrations may be as high as 8.6 ppb perchlorate, 

based on current data.  This regional/background issue may have resulted from the extensive 

agricultural land use within the area and the potential use of Chilean-mined fertilizers (of which 

perchlorate is a component) on the cultivated soils of the area farms.  The documentation of the 

presence of perchlorate in lettuce crops in Newfield and spinach crops in Vineland and the 

historical use of irrigation wells in the area seem to provide additional evidence of a regional 

groundwater perchlorate issue.
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1.0 INTRODUCTION 

1.1 Purpose and Objectives 

 On April 28, 2010, the U.S. Environmental Protection Agency (USEPA), TRC Companies, 

Inc and Shieldalloy Metallurgical Corporation (SMC) entered into an Administrative Agreement 

and Order on Consent (AOC) to perform a Remedial Investigation/Feasibility Study (RI/FS) at the 

Shieldalloy Metallurgical Superfund Site (the “Site”) located in the Borough of Newfield, New 

Jersey (Comprehensive Environmental Response Compensation and Liability Act (CERCLA) 

Docket No. 02-2010-2017).  The AOC defined Operable Unit 3 (OU3) as perchlorate (all media).  

SMC is the responsible party for OU3.  TRC Environmental Inc. (TRC) is SMC’s project 

contractor/coordinator.   

 The AOC requires that an OU3 Baseline Human Health Risk Assessment (BHHRA) be 

conducted in accordance with current USEPA methodology as part of the required RI/FS.  This 

Draft OU3 BHHRA was developed in accordance with OSWER Directive 9285.7-47 dated 

December 2001, entitled, “Risk Assessment Guidelines for Superfund Part D.”  This Draft OU3 

BHHRA has been prepared by TRC, on behalf of SMC, to fulfill Section IV, Task III, A.5 of 

Appendix A, Statement of Work, to the AOC. The Draft OU3 BHHRA evaluates risk under 

baseline conditions (i.e. in the absence of any remedial action or control, including institutional 

controls or engineering controls, such as fencing or caps).  Generally, the components of the Draft 

OU3 BHHRA include: 

 
 Identification of Constituents of Potential Concern (COPCs) 
 Exposure Assessment; 
 Toxicity Assessment; 
 Risk Characterization; and 
 Uncertainty Analysis. 

 
 The Draft OU3 BHHRA builds upon the previously submitted and approved OU3 

Conceptual Site Model and Memorandum on Exposure Scenarios and Assumptions (TRC 2012, 

dated December) and the Pathways Analysis Report (PAR, TRC 2013, dated May), each of which 

described the risk assessment process and how the Draft OU3 BHHRA would be prepared.  More 

specifically, the OU3 Conceptual Site Model and Memorandum on Exposure Scenarios and 

Assumptions developed the potential exposure scenarios and exposure pathways as well as the 

equations used for the quantification of intakes and exposure values for the receptors.  The OU3 
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PAR provided the identification of media with elevated concentrations of perchlorate (the only 

COPC addressed in this BHHRA), the calculation of exposure point conentrations (EPCs) and the 

toxicological information available for each COPC.    

 The Draft OU3 BHHRA is structured using the most current methods accepted by the 

USEPA (e.g., USEPA 1989, 1991a, 2001, 2004).  Where assumptions are made, they are realistic 

but conservative (i.e., protective of public health).  In keeping with accepted practices for 

conducting such assessments, all assumptions are carefully discussed and an assessment is made 

of the uncertainty associated with the overall health risks as presented. 

 
1.2 Report Organization 

 This Draft OU3 BHHRA is organized as follows: 

 
 The balance of Section 1 summarizes the site characterization, the environmental 

investigations and activities, and the nature and extent of contamination; 
 Section 2 presents the OU3 BHHRA; 
 Section 3 draws conclusions; and 
 Section 4 presents references. 

 
 Supporting tables, figures, and appendices are also included. 

 
1.3 Site Characterization 

 The Site comprises 67.6 acres and is located at 35 South West Boulevard, primarily in the 

Borough of Newfield, Gloucester County, New Jersey.  A small portion of the southwest corner 

of the Site is located in the City of Vineland, Cumberland County, New Jersey.  The Facility is 

currently used as office space and is sublet as warehousing for construction companies and the 

Newfield Borough.  A Site location map is provided in Figure 1-1.  The former production portion 

of the Site comprises approximately 22 acres.  This portion of the site is characterized by the 

existing and former building locations that were used for manufacturing.  Other Facility areas 

include the former lagoons area, the Southern Area (which includes the unnamed impoundment, 

and the Eastern Storage Areas, located east of the former production area, which historically has 

been used to store waste materials, and the restricted area which stores slag, generated as a result 

of the former manufacturing processes.  The Restricted Area in not a subject of the AOC, nor the 

OU3 documents.   
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SMC also owns an additional 19.8 acres of farmland, referred to as the “Farm Parcel”, 

located in Vineland, approximately 2,000 feet southwest of the Site.  SMC purchased the Farm 

Parcel to facilitate groundwater remediation, as a pumping well is sited on this parcel.  The Farm 

Parcel has never been used for manufacturing or related activities. The Site is secured by a 

perimeter chain link fence.  The Site parking lot along the western property boundary lies outside 

of the chain link fence to allow visitor and administrative access.   

The remnants of an historical rail spur, woods, a closed municipal landfill, and farmland 

bound SMC’s former manufacturing parcel to the north, with railroad lines and South West 

Boulevard along the western boundary.  Wooded vegetation, residences, and small businesses abut 

the Site to the east, along with the headwaters of the Hudson Branch.  The Hudson Branch, 

associated wetlands, and an unnamed pond form the southern property boundary, with residences 

located along Weymouth Road, south of the Hudson Branch.  The area surrounding the Farm 

Parcel includes residences, wooded properties, and farmland, with North West Avenue forming 

the southwest boundary of the parcel.  The Hudson Branch, a tributary to the Burnt Mill Branch, 

flows to the southeast, with a 15-acre pond (Burnt Mill Pond) present at the confluence of the 

Hudson Branch and Burnt Mill Branch. 

 Specialty glass manufacturing began at the Site in 1924.  SMC purchased the Site in the 

early 1950s and, from 1955 to approximately 2007, SMC manufactured specialty steel and super 

alloy additives, primary aluminum master alloys, metal carbides, powdered metals and optical 

surfacing products at the Site.  Raw materials used at the facility included ores which contained 

oxides of columbium (niobium), vanadium, aluminum metal, titanium metal, strontium metal, 

zirconium metal, and fluoride (titanium and boron) salts.   

 

Perchlorate Usage and Storage 

According to information provided by SMC staff generally familiar with past operational 

practices, potassium perchlorate was used as an oxidizer in the on-site furnace to increase 

temperature and enhance furnace performance.  The perchlorate was destroyed in the process by 

reacting with aluminum metal, according to the following chemical reaction, and simple chloride 

salts were generated as the product: 

 
3 KClO4 + 8 Al = 3 KCl + 4 Al2O3 
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The furnace was located within the footprint of former Building D102(A), attached to but 

isolated from Building D112.  Both buildings have since been demolished (see Figure 1-2). 

Building D102(A) was characterized by an earthen floor (although the area surrounding the 

building is paved). According to historical purchase order records, SMC purchased approximately 

400,000 pounds of potassium perchlorate from 1974 to 1992 for this operational activity.  

Potassium perchlorate was typically packaged and shipped to the Site in 110-, 250-, and 

350-pound, plastic-lined steel drums. Prior to being used in the furnace, this product was reportedly 

stored on site in a former small metal outbuilding (referred to as the Former Chemical Storage 

Building), east of former Building D102(A) and near the unpaved road forming the northwest 

boundary of the Storage Yard slag piles. This Former Chemical Storage Building was 

characterized by a concrete interior floor and berm around the building’s perimeter.  The Former 

Chemical Storage Building and adjacent unpaved road are identified as an area of concern (AOC-

1) with respect to historical perchlorate storage practices. Furthermore, since the product was used 

in former Building D102(A), the general footprint of this building has been identified as an 

additional area of concern (AOC-2) relative to historical perchlorate usage.  Based on reported 

information, the storage and usage of perchlorate on site were limited to these areas.  The locations 

of AOC-1 and AOC-2 are shown on Figure 1-2. 

Since perchlorate was completely destroyed in the heating process by reacting with 

aluminum to form chlorides, there was no general release from this process.  Only incidentally 

spilled material or small amounts of incompletely reacted material would potentially be released 

into the environment.  One possible disposition for incompletely reacted/residual perchlorate was 

release to the former lagoon area and this possible discharge point of the historical liquid wastes 

has therefore been identified as a third area of concern (AOC-3). The location of AOC-3 is shown 

on Figure 1-2.  A more detailed description of the facility’s site history, physical setting and 

environmental activities are provided in TRC’s Perchlorate Site Characterization Summary Report 

(SCSR) (TRC, 2011).   

As presented in the SCSR (TRC, 2011), the primary medium of concern for perchlorate 

contamination at the Site is groundwater.   
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2.0 BASELINE HUMAN HEALTH RISK ASSESSMENT 

 The Draft OU3 BHHRA was conducted for the Site to evaluate the potential risk to human 

receptors using the regional resources under baseline site conditions (i.e., in the absence of any 

remedial action or control, including institutional controls or barriers, such as fencing or 

pavement).  The quantitative Draft OU3 BHHRA was conducted following the guidance 

established by the USEPA, such as the following: 

 
 Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation 

Manual (Part A) (USEPA 1989),  
 

 Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation 

Manual (Part B, Development of Risk-Based Preliminary Remediation Goals) 
(USEPA 1991a),  

 
 Exposure Factors Handbook (USEPA 1997a),  
 
 Risk Assessment Guidance for Superfund, Volume I:  Human Health Evaluation 

Manual (Part D, Standardized Planning, Reporting and Review of Superfund Risk 

Assessments) (USEPA 2001), and  
 
 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation 

Manual, (Part E, Supplemental Guidance for Dermal Risk Assessment) (USEPA 
2004).  

 
 Human health risks are presented with regard to potential effects from exposure to COPCs.  

The potential for non-cancer human health effects was only evaluated since the USEPA’s weight 

of evidence of carcinogenicity for perchlorate is “not likely to be carcinogenic to humans” (USEPA 

2013a); therefore, carcinogenic risk was not evaluated.  Estimates for exposure associated with the 

Site were combined with with non-cancer toxicity values (Reference Doses (RfDs) to yield non-

cancer Hazard Quotients (HQs) for each COPC and Hazard Indices (HIs) for each exposure 

pathway.   

 
2.1 Methodology 

 The methodology for conducting the BHHRA utilizes the most current methods accepted 

by the USEPA (1989, 1991a, 1997a, 2001, 2004).  Where assumptions are made, they are realistic 

but conservative, i.e., protective of human health.  In keeping with accepted practices for 

conducting such assessments, all assumptions are carefully evaluated and an assessment made of 
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the uncertainty associated with the overall health risk estimates.  This risk assessment includes 

information provided in the following interim deliverables:  

 
 Conceptual Site Model and Memorandum on Exposure Scenarios and Assumptions 

(TRC 2012) (and subsequent USEPA comments (USEPA 2013b)), and 
 

 Pathways Analysis Report (TRC 2013).  
 

 Following the guidelines accepted by the USEPA, the basic components of the Draft OU3 

BHHRA for the site are organized and presented as follows: 

 
 Identification of COPCs 
 Exposure Assessment 
 Toxicity Assessment 
 Risk Characterization 
 Uncertainty Analysis 

 
 The Conceptual Site Model and Memorandum on Exposure Scenarios and Assumptions 

(TRC 2012) developed the potential exposure scenarios and exposure pathways for the Draft OU3 

BHHRA for the Site.  The Memorandum on Exposure Scenarios and Assumptions provided all 

equations for the estimation of intakes and provided exposure input values for each receptor.  The 

PAR (TRC 2013) provided the identification of the COPCs, the calculation of exposure point 

concentrations (EPCs) and the toxicological information available for each COPC.   

 
2.2 Identification of Constituents of Potential Concern (COPCs) 

 The identification of COPCs to be evaluated in the Draft OU3 BHHRA is a multi-step 

process and includes the identification of media that were sampled, the evaluation of the analysis 

for the collected samples, and a step-wise approach for evaluating the collected data and the criteria 

for COPC selection. 

 
2.2.1 Data Collection 

 For the purpose of this risk assessment, the data evaluated in the Draft OU3 BHHRA 

consist of soil, sediment, surface water and groundwater data collected at the Site, as presented in 

the December 2011 Perchlorate Site Characterization Summary Report (TRC 2011) and 

summarized in Appendix A. 
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2.2.2 Data Evaluation 

 In order to organize these data into a form manageable and appropriate for risk assessment, 

data usability was evaluated by TRC following USEPA’s protocol given in Guidance for Data 

Usability in Risk Assessment (USEPA 1992).  The following steps were followed during the data 

evaluation process, as described by USEPA (1989): 

 
1) Gather and Sort All Data by Medium (i.e., combined surface/subsurface soils, 

groundwater, surface water, sediment). 
 

2) Evaluate Methods of Analysis - Analytical methods were evaluated to determine 
which ones were appropriate for use in the quantitative Draft OU3 BHHRA.  In doing 
so, the specificity of the results, the sensitivity of the analytical methods, and the use 
of adequate quality assurance/quality control (QA/QC) procedures are considered.  
Data analyzed following USEPA's Superfund Contract Laboratory Program (CLP) 
procedures generally meet these criteria.  

 
3) Evaluate the Sample Quantitation Limits (SQL) - For the purpose of the evaluation, 

all non-detects were evaluated, not simply omitted.  For non-detects, a value of the SQL 
was assigned.   

 
4) Evaluate the Data Qualifiers and Codes - Data validation qualifiers are assessed 

during the data evaluation process.  As indicated in USEPA guidance (USEPA 1989), 
unqualified data and data qualified with a "J" qualifier were treated as detected 
concentrations.  Data qualified with "UJ" or "U" qualifiers were treated as 
non-detectable concentrations.  As described above, non-detects were assigned a value 
equal to the SQL.  Those data qualified with an “R” qualifier were rejected and not 
carried through the data evaluation process. 

 
5) Evaluate Blank Data - Field, trip and laboratory blanks were used to segregate actual 

Site contamination from cross contamination associated with field or laboratory 
procedures.  As indicated in USEPA guidance (1989), sample results are considered 
positive only if concentrations exceed ten times the concentration of a common 
laboratory contaminant in a blank, or five times the concentration of a chemical that is 
not considered a common laboratory contaminant.  Definitions of common laboratory 
contaminants are provided in USEPA guidance (1989).  If a constituent was detected 
at less than five or ten times the blank concentration, the constituent was treated as 
non-detected in that sample and the SQL was set equal to the blank concentration. 
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6) Develop Data Sets by Medium - Tables were designed to provide summary statistics 
(i.e., frequency and range of detects) for constituents detected in soils, sediments, 
surface water).  OU3 is defined by the AOC as perchlorate (all media), therefore 
perchlorate is the only COPC. 

 
2.2.3 Data Summary 

 The USEPA Risk Assessment Guidance for Superfund (RAGS) Part D Table 2s present 

the selection of the COPCs to be carried through the BHHRA.  A table has been prepared for each 

medium of concern (On-Site Groundwater, Off-Site Groundwater, Farm Parcel Groundwater, 

combined surface/subsurface soil, sediment, and surface water, respectively).   The data utilized 

in the compilation of the tables consist of data collected at the Site, as presented in the December 

2011 Perchlorate Site Characterization Summary Report (TRC 2011) and summarized in 

Appendix A. The Table 2s present the summary statistics for each medium of concern, the 

appropriate screening criteria for perchlorate, whether perchlorate was flagged as a COPC and 

justification for inclusion or deletion from the risk assessment.   

Perchlorate is a contaminant for which there currently are no promulgated standards (e.g., 

no federal or New Jersey state drinking water standard, final groundwater quality standard, or soil, 

sediment or surface water standards).  The concentration at which perchlorate in drinking water 

poses a human health risk is currently the subject of much debate. 

 In January 2006, the USEPA issued assessment guidance for perchlorate that included a 

preliminary remediation goal (PRG) of 24.5 ppb perchlorate in drinking water for Comprehensive 

Environmental Response Compensation and Liability Act (CERCLA) sites (USEPA, 2006).  The 

USEPA requires monitoring of perchlorate by public water systems under the Safe Drinking Water 

Act’s (SDWA’s) Unregulated Contaminant Monitoring Rule.  On February 1, 2006, SMC entered 

into an Administrative Consent Order with NJDEP requiring SMC to remediate perchlorate-

contaminated groundwater at the Site to an action level of 5 ppb or to a higher concentration limit 

if a different regulatory standard is adopted (NJDEP, March 2006).  In March 2007, New Jersey 

published an interim groundwater quality criterion of 5 ppb, per the provisions of the New Jersey 

Administrative Code (NJAC) 7:9C-1.7(c)2.  NJDEP generally establishes new groundwater 

quality criteria through amendments to or re-adoption of the Groundwater Quality Standards 

(GWQS) rules.  However, the GWQS rules at NJAC 7:9C-1.7(c) allow the Department to establish 

new groundwater quality criteria on an interim basis prior to rulemaking.  New Jersey has not, to 
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date, adopted a final groundwater quality standard for perchlorate.  In December 2008, the USEPA 

issued an Interim Drinking Water Health Advisory for perchlorate (which was reviewed and 

approved by the National Research Council) that includes an Interim Health Advisory (IHA) level 

of 15 ppb.  USEPA recommends that where no federal or state applicable or relevant and 

appropriate (ARAR) requirements exist under federal or state laws, 15 µg/L (or 15 ppb) is 

recommended as the PRG for perchlorate when making CERCLA site-specific cleanup decisions 

where there is an actual or potential drinking water exposure pathway (USEPA 2008). On March 

16, 2009, New Jersey proposed to amend the New Jersey Safe Drinking Water Act at NJAC 7:10 

to establish a perchlorate maximum contaminant level (MCL) of 5 ppb for drinking water 

purposes.  On March 16, 2010, the NJDEP decided not to promulgate the proposed standard 

pending receipt of more reliable scientific data on the risks associated with perchlorate ingestion 

by sensitive population groups.  Thus, the proposed MCL for perchlorate was never adopted in 

New Jersey.  However, NJDEP has an Interim Specific Groundwater Criteria of 5 ug/L for 

perchlorate. 

 Per RAGS Part A (USEPA 1989), perchlorate in soils and sediments were evaluated 

against the USEPA’s residential soil Regional Screening Levels (RSLs, USEPA 2014) while 

perchlorate in surface water and groundwater were evaluated against the USEPA tapwater RSLs.  

The maximum concentrations in the respective media were screened against the appropriate RSL 

at a Hazard Quotient (HQ) of 0.1 (i.e. 1/10th the published RSL value).  The tap water RSL of 11 

ppb differs from the IHA level of 15 ppb, in that the RSL assumes all perchlorate exposure comes 

from the tap water, while the IHA assumes perchlorate exposure comes from both drinking water 

and food. 

 
2.2.3.1 Groundwater 

Groundwater was collected from three exposure areas (On-Site, Off-Site and Farm Parcel) 

at three depths within the Cohansey aquifer (shallow, intermediate and deep).  Figure 2-1 presents 

the groundwater sample locations. 

 

 On-Site Groundwater 

 Future Residents and/or Future Commercial/Industrial Workers could potentially come 

into direct contact (incidental ingestion, dermal contact) with on-site groundwater (shallow, 

intermediate or deep).  Future Construction Workers/Utility Workers could potentially come into 
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dermal contact with shallow on-site groundwater during subsurface excavation activities. Table 

2.1 presents the occurrence, distribution, and selection of perchlorate in on-site groundwater at 

three sampling depths: shallow, intermediate and deep.  Perchlorate was detected in: 19 of 35 

shallow on-site groundwater samples at concentrations ranging from 0.21 to 84.3 micrograms per 

liter (µg/L), 9 of 9 intermediate on-site groundwater samples at concentrations ranging from 0.93 

to 6.9 µg/L and in 10 of 15 deep on-site groundwater samples at concentrations ranging from 2.2 

to 11.2 µg/L.  The maximum detected groundwater concentrations of perchlorate were screened 

against the tapwater 0.1HQ RSL (USEPA 2014) of 1.4 µg/L. Perchlorate exceeded the screening 

value at all three sampling depths. 

 

Off-Site Groundwater 

 Future Residents could potentially come into direct contact (incidental ingestion, dermal 

contact) with off-site groundwater (shallow, intermediate or deep).  Table 2.2 presents the 

occurrence, distribution, and selection of perchlorate in off-site groundwater at three sampling 

depths: shallow, intermediate and deep.  Perchlorate was detected in: 2 of 11 shallow off-site 

groundwater samples at concentrations ranging from 1.1 to 1.7 µg/L, 6 of 8 intermediate off-site 

groundwater samples at concentrations ranging from 1.1 to 19.6 µg/L and in 29 of 29 deep offsite 

groundwater samples at concentrations ranging from 1.9 to 158 µg/L. The maximum detected 

groundwater concentrations of perchlorate were screened against the tapwater 0.1HQ RSL 

(USEPA 2014) of 1.4 µg/L. Perchlorate exceeded the screening value at all three sampling depths. 

 

Farm Parcel Site Groundwater 

 Future Residents could potentially come into direct contact (incidental ingestion, dermal 

contact) with Farm Parcel site groundwater (shallow, intermediate or deep).  Table 2.3 presents 

the occurrence, distribution, and evaluation of perchlorate in Farm Parcel groundwater at three 

sampling depths: shallow, intermediate and deep.  Perchlorate was detected in: 8 of 8 shallow Farm 

Parcel groundwater samples at concentrations ranging from 0.99 to 14.55 µg/L; 9 of 9 intermediate 

on-site groundwater samples at concentrations ranging from 0.69 to 20.9 µg/L; and in 16 of 16 

deep on-site groundwater samples at concentrations ranging from 1.2 to 143 µg/L.  The maximum 

detected groundwater concentrations of perchlorate were screened against the tapwater 0.1HQ 
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RSL (USEPA 2014) of 1.4 µg/L. Perchlorate exceeded the screening value at all three sampling 

depths. 

 

Regional/Background Deep Aquifer Zone 

It appears that there may be a regional/background deep aquifer zone perchlorate issue, as 

discussed in the SCSR (TRC 2011).  Moderate concentrations of perchlorate were identified in 

wells located upgradient or sidegradient of the Site, including USGS well OBS-2A (4.8 ppb), on-

site monitoring well W3D (8.6 ppb) and monitoring well SC40D (4.0 ppb).   Therefore, the 

regional/background concentrations may be as high as 8.6 ppb perchlorate, based on current data.  

Per USEPA guidance, background was not considered during the conduct of the BHHRA.  

 

2.2.3.2 Combined Surface/Subsurface Soils 

 Figure 2-2 presents the on-site soil sample locations. Table 2.4 presents the occurrence, 

distribution, and evaluation of perchlorate in on-site soils.  Perchlorate was detected in 20 of 64 

soil samples concentrations ranging from 0.002 to 0.0583 milligrams per kilogram (mg/kg).  The 

maximum detected soil concentration of perchlorate was screened against the residential soil 

0.1HQ RSL (USEPA 2014) of 5.5 mg/kg and did not exceed the screening value.  Therefore, 

combined surface/subsurface soils will not be carried through the BHHRA. 

  
2.2.3.3 Sediment 

 Figure 2-3 presents the sediment sample locations. Table 2.5 presents the occurrence, 

distribution, and evaluation of perchlorate in sediments.  Perchlorate was detected in 1 of 10 

samples at a concentration of 0.0109 mg/kg.  The detected sediment concentration of perchlorate 

was screened against the residential soil 0.1HQ RSL (USEPA 2014) of 5.5 mg/kg and did not 

exceed the screening value.  Therefore, sediment will not be carried through the BHHRA 

 
2.2.3.4 Surface Water 

 Figure 2-3 presents the surface water sample locations. Table 2.6 presents the occurrence, 

distribution, and evaluation of perchlorate in surface water.  Perchlorate was detected in 1 of 9 

samples at a concentration of 1.8 µg/L. The detected surface water concentration of perchlorate 

was screened against the tapwater 0.1HQ RSL (USEPA 2014) of 1.4 µg/L.  Although the detected 

concentration of perchlorate in one surface water sample exceeded this screening value, it will not 
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be carried through the BHHRA.  Surface water is not a drinking water pathway and only incidental 

and sporadic exposure would occur to this medium. 

 

2.2.4 Exposure Point Concentrations 

 The RAGS Part D Table 3s summarize the EPCs for perchlorate in groundwater. The 

calculation of the EPCs follows the Supplemental Guidance to RAGS: Calculating the 

Concentration Term (1992), using EPA’s ProUCL 4.1 (USEPA 2010).  Specifically, ProUCL 4.1 

has the extended version of Shapiro-Wilk (S-W) test that can perform normal and lognormal 

goodness-of-fit tests for data sets of sizes up to 2000. ProUCL 4.1 can also compute upper 

prediction and upper tolerance limits based upon the gamma distribution.  In those cases where the 

95% Upper Confidence Limit (UCL) exceeds the maximum detected concentration, or there is an 

insufficient number of samples and/or detected samples to calculate a UCL, the maximum 

concentration is used as the EPC.  Appendix B presents the ProUCL output.  Tables 3.1 through 

3.3 present the EPCs for groundwater at each of the groundwater exposure areas (On-Site, Off-

Site and Farm Parcel).  Each table presents the EPC for the respective shallow, intermediate and 

deep groundwater exposure points.  Since perchlorate did not exceed RSLs for soils, sediments 

and surface waters, no EPCs were calculated and therefore there are no corresponding Table 3s for 

these media. 

 For those scenarios in which a Central Tendency analysis was necessary (i.e., when the 

reasonable maximum exposure (RME) presents an unacceptable risk), the arithmetic mean 

concentrations presented in Tables 3.1 through 3.3 were used with the Central Tendency exposure 

(CTE) parameters presented previously in the Exposure Parameters Memo and the results 

discussed in the Uncertainty Assessment. 

 
2.3 Exposure Assessment 

 The OU3 Conceptual Site Model (CSM) (TRC 2012) evaluated the potential exposure 

pathways for human receptors based upon present and reasonable anticipated future land use at the 

Site.  As part of the CSM, an analysis was conducted to identify potential routes of exposure and 

receptors for the human health risk assessment.  The following elements were considered: 

 
 contaminant source, 
 contaminant release and transport mechanisms, 
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 point of exposure, 
 receptors, and 
 route of exposure. 

 
 Complete exposure pathways are those where all five elements are present.  The CSM for 

the Draft OU3 BHHRA, which presents the complete exposure pathways based on current and 

future exposure scenarios, is shown schematically in Figure 2-4.  USEPA RAGS Part D Technical 

Approach for Risk Assessment (TARA) Table 1 describes the pathways that are evaluated in the 

Draft OU3 BHHRA, the rationale for their selection, and a description of those pathways that are 

not evaluated, in accordance with RAGS Part D (USEPA 2001). Each of these elements is 

evaluated in more detail below. 

 

2.3.1 Contaminant Source 

 As discussed previously in Section 1.3, specialty glass manufacturing began at the Site in 

1924.  SMC purchased the Site in the early 1950s and, from 1955 to approximately 2007, SMC 

manufactured specialty steel and super alloy additives, primary aluminum master alloys, metal 

carbides, powdered metals and optical surfacing products at the Site.  Raw materials used at the 

facility included ores which contained oxides of columbium (niobium), vanadium, aluminum 

metal, titanium metal, strontium metal, zirconium metal, and fluoride (titanium and boron) salts.  

According to information provided by SMC staff generally familiar with past operational practices, 

potassium perchlorate was used as an oxidizer in the on-site furnace to increase temperature and 

enhance furnace performance. 

 Figure 1-1 provides the Site location map. 

 

2.3.2 Potential Contaminant Release and Transport Mechanisms 

 Contaminant release and transport mechanisms carry contaminants from the source to 

points where human receptors may be exposed.   

 It is possible that a historical release or use of perchlorate in the vicinity of the Site has 

impacted the underlying groundwater, since 1) perchlorate is highly soluble in water; 2) the aquifer 

materials consist of the Cohansey Sand, which is comprised of coarse sands and little silt overlying 

generally finer sand and some clay and silt lenses; and 3) there is little to no organic matter within 

the Cohansey Sand to attenuate the movement of perchlorate through both the vadose and saturated 

zones. The extremely low levels of perchlorate observed in the Site soils are not indicative of a 
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continuing source at the Site and they do not confirm the existence of a historical release at the 

Site, which could have resulted in the migration of perchlorate into the groundwater. 

Areas surrounding the SMC facility are used for farming.  It should be noted that on a 

regional basis, certain perchlorate-containing fertilizers were used for agriculture.  The exact 

extent of the fertilizer use has not been studied, but, as identified in the OU3 SCSR (TRC, 2011), 

regional fertilizer use provides a potential source of regional perchlorate. 

 

2.3.3 Points of Exposure 

 An exposure point is a location where actual or potential human contact with a 

contaminated medium may occur. The following are potential points of exposure at this Site: 

 
 Groundwater - ingestion of and dermal contact with groundwater  
 

 The following media do not require further more detailed evaluation due to insignificant 

media concentrations: 

 
 Soils – surface and subsurface 
 Sediment 
 Surface Water 

  
2.3.4 Receptor Populations 

The most critical aspect of a technically sound exposure assessment is the identification of 

exposure routes, together with the identification of potential human receptors.  The receptor 

populations are those human receptors that are or may be exposed to contaminants at the point of 

exposure.  Currently there is no use of groundwater at the Site, nor are nearby residents using 

private groundwater wells as a potable source of water. Potable water is provided locally by the 

Newfield Water Department and the Vineland Water and Sewer Utility. Both utilities rely solely 

on groundwater sources for their potable water. Due to chromium and trichloroethene (TCE) 

contamination, the City of Vineland has designated an area of the city downgradient from the Site 

as a well restriction area requiring mandatory connection to the public water systems.  The nearest 

municipal supply well to the SMC facility is Newfield Well #3, located approximately 1,600 feet 

north and sidegradient of the SMC facility.  The nearest municipal supply well to the Farm Parcel 

area is Vineland Well #10, located along Delsea Drive, northwest of Burnt Mill Pond, 

approximately 4,000 feet west of the Farm Parcel.  This well reportedly has not been used since 
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October 2004.  The Vineland Water Company currently uses Well #14, which is located several 

thousand feet to the northwest of Well #10. 

The receptor populations chosen for further evaluation are: 

 

Future On-Site Construction/Utility Workers 

Groundwater in the southern undeveloped areas of the Site is present at depths of less than 

10 feet below grade; therefore, direct contact with shallow groundwater will be evaluated for the 

Future On-Site Construction/Utility Worker.  

 

 Future On-Site Commercial/Industrial Workers  

 Per USEPA guidance (USEPA 1989), a baseline human health risk assessment is an 

analysis of the potential adverse health effects caused by hazardous substance releases in the 

absence of any remedial action or institutional controls such as a well restriction area.  Therefore, 

Future On-Site Commercial/Industrial Worker use of groundwater at the Site will be evaluated. 

 

 Future On-Site Residents 

 Future on-site residential use of groundwater is unlikely because the Site is currently zoned 

industrial, the existing groundwater Record of Decision (ROD) requires the establishment of a 

Classification Exception Area (CEA) due to existing groundwater contamination, and a deed 

restriction that will prohibit the Site’s use for future residential development.  However, per 

USEPA guidance (USEPA 1989), a baseline human health risk assessment is an analysis of the 

potential adverse health effects in the absence of any remedial action or institutional controls such 

as the CEA or a future deed restriction.  Therefore, future on-site residential use of groundwater at 

the Site will be evaluated.   

 

 Future Off-Site Residents 

 Future off-site residential use of groundwater is unlikely because the City of Vineland has 

designated an area of the city downgradient from the Site as a well restriction area requiring 

mandatory connection to the public water systems.  However, per USEPA guidance (USEPA 

1989), a baseline human health risk assessment is an analysis of the potential adverse health effects 
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in the absence of any remedial action or institutional controls such as the well restriction area or a 

future deed restriction.  Therefore, future off-site residential use of groundwater will be evaluated. 

 

 Future Farm Parcel Residents 

 Future Farm Parcel residential use of groundwater is unlikely because the City of Vineland 

has designated an area of the city downgradient from the Site as a well restriction area requiring 

mandatory connection to the public water systems and the Farm Parcel is located within the well 

restriction area.  However, per USEPA guidance (USEPA 1989), a baseline human health risk 

assessment is an analysis of the potential adverse health effects in the absence of any remedial 

action or institutional controls such as the well restriction area or a future deed restriction.  

Therefore, future Farm Parcel residential use of groundwater will be evaluated. 

 
2.3.5 Routes of Exposure 

 The route of exposure is the way in which a person may actually be exposed to a 

contaminant based on the contaminated media and the anticipated activities at the exposure points.  

Potential routes of exposure include ingestion of and dermal contact with groundwater.  These are 

described in more detail below for the various receptor populations.  

Future On-Site Construction/Utility Workers are adult personnel that work on the Site 

periodically maintaining subsurface utilities. The applicable exposure route considered for Future 

On-Site Construction/Utility Workers is dermal contact with groundwater.  Incidental ingestion of 

groundwater is considered to be sporadic, difficult to quantify, and of secondary importance when 

compared to dermal contact and therefore will not be evaluated as a route of exposure for the 

Construction/Utility Worker. 

Future On-Site Commercial/Industrial Workers are adult personnel that work at the 

Site.  Manufacturing activities ceased in 2007.  Much of the former manufacturing area is covered 

with buildings or pavement. Generally, there is a very small staff remaining at the Site, which 

includes a maintenance person.  Additionally, SMC leases space to tenants.  The tenants currently 

include a construction company, the Borough of Newfield (storage of municipal vehicles), and an 

emergency response company.  SMC intends to maintain the Site as an industrial setting.  The 

exposure routes considered for the Future On-Site Commercial/Industrial Worker are ingestion of 

and dermal contact with groundwater. These exposure routes are considered applicable for the 

Future Commercial/Industrial Worker. 
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 Future On-Site Residents are adults and children residing at the Site once industrial 

activities have ceased. The exposure routes considered for the Future Resident are ingestion of and 

dermal contact with groundwater. These exposure routes are considered applicable for the Future 

On-Site Resident. 

 Future Off-Site Residents are adults and children residing off-site. The exposure routes 

considered for the Future Off-Site Resident are ingestion of and dermal contact with groundwater 

should the groundwater use restriction be eased. These exposure routes are considered applicable 

for the Future Off-Site Resident. 

 Future Farm Parcel Residents are adults and children residing at Farm Parcel if it is ever 

developed into residential properties and should the groundwater use restriction be eased. The 

exposure routes considered for the Future Farm Parcel Resident are ingestion of and dermal contact 

with groundwater. These exposure routes are considered applicable for the Future Farm Parcel 

Resident. 

 
2.4 Complete Exposure Pathways 

 Complete exposure pathways are those where all five elements discussed in the preceding 

sections are potentially present.  Based upon this evaluation, the only complete exposure pathway 

under baseline conditions is the ingestion of and dermal contact with groundwater by Future On-

Site Workers and Residents, dermal contact with shallow groundwater by Future 

Construction/Utility Workers and ingestion of and dermal contact with groundwater by Future 

Off-Site and Farm Parcel Residents. The Draft OU3 CSM, which presents the complete exposure 

pathways based on current and future exposure scenarios, is shown schematically in Figure 2-4.  

USEPA RAGS Part D TARA Table 1 describes the pathways that are evaluated in the BHHRA, 

the rationale for their selection, and a description of those pathways that are not evaluated, in 

accordance with RAGS Part D (USEPA 2001). 

 

2.4.1 Estimation of Exposure Intakes 

The equations for the estimation of exposure intakes are presented in Table 4-1.  The 

exposure intakes are calculated following USEPA guidance (1989) and are expressed in 

milligrams constituent per kilogram body weight per day (mg/kg-d) (ingestion and dermal 

exposure).   
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 The following equations are used for calculating constituent exposure intakes: 

 
Ingestion of groundwater: 
 
 
 
Where: 
 
Intake = The amount of constituent at the exchange boundary (mg/kg-d) 
EPC = Exposure point concentration (mg/l for water) 
IR = Ingestion rate (l/day) 
F = Fraction of day exposed (unitless) 
EF = Exposure frequency (d/yr) 
ED = Exposure duration (yr) 
BW = Body weight; average body weight over the exposure period (kg) 
AT = Averaging time; period over which exposure is averaged (ED x 365 d/yr 

for non-cancer) 
 
The calculation of the dermally absorbed dose through contact with groundwater is based 

upon current USEPA methodology (USEPA 2004).   

 
Dermal contact with groundwater:  
 

ATxBW
SAxEFxEDxEV xDAeventDAD  

Where: 
 
DAD  = Average daily absorbed dose via dermal contact (mg/kg-d) 
DAevent = Dermally absorbed dose per event (mg/cm2-event), see below for 

equation 
SA  =  Body surface area (cm2) 
EV  = Event frequency (events/day) 
EF  = Exposure frequency (d/yr) 
ED  = Exposure duration (yr) 
BW  = Body weight (kg) 
AT  = Averaging time (day) 
 

 DAevent in the above equation describes the mass of a chemical that enters the body via 

transport through the skin per event. For groundwater, DAevent is dependent on the duration of 

exposure to groundwater and the length of time required for chemical transport through the skin 

layer.  

ATxBW
EDxEFxFxIRxEPCIntake
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 For inorganic chemicals in groundwater (such as perchlorate), DAevent is described by the 

following equation: 

eventwpevent txEPCxKDA   

Where: 
DAevent = Dermally absorbed dose per event (mg/cm2-event) 
Kp  = Permeability coefficient (cm/hr, chemical specific) 
EPC   = Exposure point concentration in water (mg/cm3) 
tevent  = Event duration (hr/event) 
 

The DAevent model for the On-Site, Off-Site and Farm Parcel groundwater can be found in Tables 

4.1 Supplemental A, B and C, respectively. 

 
2.4.2 Exposure Parameters 

 The input values for assessing exposures are consistent with the USEPA guidance for 

characterizing RME conditions (USEPA 1989, 2002). The values are presented in TARA Table 

4.1 RME.  In addition, average or CTE parameters are also presented (USEPA 1990, 1997) in 

Appendix C (see TARA Table 4.1 CTE and associated Supplemental Tables).  CTE exposures will 

be evaluated if RME exposures result in an unacceptable risk; however, under the National 

Contingency Plan (NCP), decisions are based on RME exposures. 

  

2.4.2.1 Future On-Site Construction/Utility Workers 

The Future On-Site Utility Workers will be evaluated for exposure to perchlorate through 

dermal contact with shallow groundwater. 

 Body Weight - The body weight of 70 kg is assumed.  This is the value recommended by 

USEPA (USEPA 1991b, 2002).  This exposure parameter is based on measured values and is not 

expected to contribute a significant degree of uncertainty to the assessment.  The same body weight 

is assumed for the CTE. 

 Exposure Duration – The RME exposure duration for the construction/utility worker is 1 

year based upon a single short-term construction project (USEPA 2002). The same exposure 

duration is assumed for the CTE. 
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 Event Duration - The RME event duration for dermal contact with groundwater during 

excavation activities is 4 hours per day and is based upon best professional judgment. The same 

event duration is assumed for the CTE. 

 Exposure Frequency - The RME exposure frequency for the adult construction/utility 

worker is 250 days per year (USEPA 1991b). The exposure frequency of 219 days is assumed for 

the CTE (USEPA 1990). 

 Skin Surface Area – The skin surface area of 5,672 cm2 is used for the evaluation of 

dermal contact with ground water (USEPA 2004).  This value represents the mean adult skin 

surface area for the hands, forearms, lower legs and feet (USEPA 2004 [Exhibit C-1]).  This 

exposure parameter is based on measured values and is not expected to contribute a significant 

degree of uncertainty to the assessment. The CTE skin surface area for the evaluation of dermal 

contact with ground water is also 5,672 cm2 (USEPA 2004). 

 Averaging Time – For noncarcinogenic COPCs, the USEPA recommends using the value 

of exposure duration in years multiplied by 365 days/year to calculate averaging time in days.   

 

2.4.2.2 Future On-Site Adult Commercial/Industrial Worker  

 Body Weight - The body weight of 70 kg is assumed.  This is the value recommended by 

USEPA (USEPA 1989, 1997) and represents a mean value for adults.  This exposure parameter is 

based on measured values and is not expected to contribute a significant degree of uncertainty to 

the assessment. The same body weight is assumed for the CTE. 

 Groundwater Ingestion Rate – The RME water ingestion rate for the adult worker is 2.3 

L/day, which is the 90th percentile of drinking water rates for adults (USEPA 1997a).  The risk 

assessment assumes the full drinking water rate during the work day which will over estimate 

exposure. The confidence in this value is medium to high and is not expected to contribute a 

significant degree of uncertainty to the assessment. The CTE drinking water ingestion rate is 1.4 

L/day, which is the mean drinking water ingestion rate for that age group. 

 Skin Surface Area – For the evaluation of dermal contact with groundwater while 

washing, a skin surface area of 2,479 square centimeters (cm2) represents the mean adult body skin 

surface area for the hands, forearms and face (USEPA 2004).  This exposure parameter is based 

on measured values and is not expected to contribute a significant degree of uncertainty to the 

assessment. The same skin surface area is assumed for the CTE. 
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 Event Frequency – The RME event frequency for hand washing is estimated to be 4 events 

per work day and is based upon best professional judgment. The same event frequency is assumed 

for the CTE. 

 Event Duration - The RME event duration for hand washing is estimated to be 0.03 hour/ 

event (2 minutes per hand washing event) and is based upon best professional judgment. 

The same event duration is assumed for the CTE.  

 Exposure Duration – The RME exposure duration for the adult worker is 25 years, which 

is the recommended length of employment of a worker (USEPA 1991b, USEPA 2002).  This 

exposure parameter is based on measured values and is not expected to contribute a significant 

degree of uncertainty to the assessment. The CTE exposure duration for the adult is 6.6 years 

(USEPA 1997a).  This value reflects the mean occupational tenure (USEPA 1997a).   

 Exposure Frequency - The RME exposure frequency for the adult worker is 250 days per 

year (USEPA 1991b). The CTE exposure frequency is 219 days per (USEPA 1990). 

 Averaging Time – For noncarcinogenic chemicals of potential concern (COPCs), the 

USEPA recommends using the value of exposure duration in years multiplied by 365 days/year to 

calculate averaging time in days.   

 
2.4.2.3 Future Resident (Adult and Young Child) (all locations) 

 Adult Receptor  

 Body Weight - A body weight of 70 kg is assumed.  This is the value recommended by 

the USEPA (USEPA 1989, 1997) and represents a mean value for adults.  This exposure parameter 

is based on measured values and is not expected to contribute a significant degree of uncertainty 

to the assessment. The same body weight is assumed for the CTE. 

 Event Frequency – The RME event frequency for showering is 1 event per day (USEPA 

2004). The same event frequency is assumed for the CTE. 

 Event Duration - The RME event duration for showering is 0.58 hour/event 

(approximately 35 minutes per showering event) (USEPA 2004). The same event duration is 

assumed for the CTE. 

 Exposure Duration - An exposure duration of 24 years is conservatively assumed.  This 

value, in combination with the child resident exposure duration of 6 years, equals the USEPA-

recommended upper bound 90th percentile for the number of years residing at one residence 

(USEPA 1989).  This exposure parameter is based on measured values and is not expected to 
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contribute a significant degree of uncertainty to the assessment. The CTE residential exposure 

duration is 9 years, 6 years apportioned as an adult (USEPA 1997a).  This value reflects the mean 

residential exposure (USEPA 1997a, 2004).   

 Exposure Frequency - An exposure frequency of 350 days per year is based on the 

conservative assumption that the resident receptor spends a maximum of 2 weeks away from the 

exposure scenario location (USEPA 1991b). The CTE exposure frequency for the adult is 234 days 

per year and is based on the fraction of time actually spent at home by adult men and women (64%) 

(USEPA 1993). 

 Groundwater Ingestion Rate – The RME water ingestion rate for the adult resident is 2.3 

L/day which is the 90th percentile of drinking water rates for adults (USEPA 1997a).  The 

confidence in this value is medium to high and is not expected to contribute a significant degree 

of uncertainty to the assessment. The CTE drinking water ingestion rate is 1.4 L/day which is the 

mean drinking water rate for that age group. 

 Skin Surface Area – For the evaluation of dermal contact with groundwater while 

showering, a skin surface area of 18,150 square centimeters (cm2) represents the mean adult total 

body skin surface area (USEPA 2004).  This exposure parameter is based on measured values and 

is not expected to contribute a significant degree of uncertainty to the assessment. The same skin 

surface area is assumed for the CTE. 

 Averaging Time – For noncarcinogenic COPCs, the USEPA recommends using the value 

of exposure duration in days.   

 

 Young Child Receptor (0 – 6 Years Old) 

 Body Weight - A body weight of 15 kg is assumed.  This is the value recommended by 

the USEPA (1997) and represents a mean value for children ages 0 to 6.  This exposure parameter 

is based on measured values and is not expected to contribute a significant degree of uncertainty 

to the assessment. The same body weight is assumed for the CTE. 

 Event Frequency – The RME event frequency for bathing is 1 event per day (USEPA 

2004). The same event frequency is assumed for the CTE. 

 Event Duration - The RME event duration for bathing is 1 hour/event (USEPA 2004). 

The same event duration is assumed for the CTE. 
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 Exposure Duration - An exposure duration of 6 years is conservatively assumed.  This 

value in combination with the adult exposure duration of 24 years represents the USEPA-

recommended upper bound 90th percentile for the number of years residing at one residence 

(USEPA 1997a).  This exposure parameter is based on measured values and is not expected to 

contribute a significant degree of uncertainty to the assessment. The CTE residential exposure 

duration is 9 years, 3 years apportioned as a child (USEPA 1997a).  

 Exposure Frequency - An exposure frequency of 350 days per year is based on the 

conservative assumption that the resident receptor spends a maximum of 2 weeks away from the 

exposure scenario location (USEPA 1989). The CTE exposure frequency for the young child is 

234 days per year and is presumed to be the same as the adult. 

 Groundwater Ingestion Rate- The RME water ingestion rate for the child resident is 1 

L/day and is the ingestion rate used in the calculation of the tapwater RSL (USEPA 2014).  The 

ingestion rate of 1 L/day is the default value used in the derivation of the ambient water quality 

criteria (USEPA 2000).  The confidence in this value is medium to high and is not expected to 

contribute a significant degree of uncertainty to the assessment. The CTE drinking water ingestion 

rate is 0.68 L/day (USEPA 1997a) which is the mean drinking water rate for that age group. 

 Skin Surface Area – For the evaluation of dermal contact with groundwater while bathing, 

a skin surface area of 6,600 cm2 represents the mean child total skin surface area (USEPA 2004).   

This exposure parameter is based on measured values and is not expected to contribute a significant 

degree of uncertainty to the assessment. The same skin surface area is assumed for the CTE. 

 Averaging Time – For noncarcinogenic COPCs, the USEPA recommends using the value 

of exposure duration in days.   

 

2.5 Toxicity Assessment 

 This section presents information on the carcinogenic and non-carcinogenic effects 

associated with the identified COPC.  If available, cancer and non-cancer toxicity values, in order 

of priority (USEPA 2003), were obtained from the following sources: 

 
 Tier 1 – Integrated Risk Information System (IRIS) database (USEPA 2013a). 

 
 Tier 2 – Provision Peer Reviewed Toxicity Values (PPRTV) – The Office of Research 

and Development/National Center for Environmental Assessment/ Superfund Health 
Risk Technical Support Center (STSC) develops PPRTVs on a chemical-specific basis 
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when requested by EPA’s Superfund program. Provisional values were obtained from 
the most recent RSL Table (USEPA 2014). 

 
 Tier 3 – Other Toxicity Values – Tier 3 includes additional EPA and non-EPA sources 

of toxicity information. Priority was given to those sources of information that are the 
most current, the basis for which is transparent and publicly available and which have 
been peer reviewed. Tier 3 values include toxicity values obtained from the California 
EPA (CalEPA), Agency for Toxic Substances and Disease Registry’s (ATSDR’s) 
Minimum Risk Levels (MRLs) and toxicity values obtained from the Health Effects 
Assessment Summary Tables (HEAST) (USEPA 1997b). 

 
2.5.1 Toxicity Information for Non-Carcinogenic Effects 

 The toxicity data for non-carcinogenic effects associated with oral and dermal exposures 

are summarized in Table 5.1. Included in this table are the available RfDs, the USEPA’s 

confidence level in the RfD, the critical effect (i.e., target organ or system), the source of the RfD, 

and the uncertainty and modifying factors used in setting the RfD.  For evaluating the potential 

non-cancer risks from dermal exposure, the available oral RfD with adjustments for differences in 

oral and dermal absorption was addressed in accordance with RAGS Part A, Appendix A:  

Adjustments for Absorption Efficiency (USEPA 1989) and RAGS Part E:  Supplemental Guidance 

for Dermal Risk Assessment (USEPA 2004), to determine a more realistic estimate of risk 

following dermal exposure. 

 

2.5.2 Toxicity Information for Carcinogenic Effects 

 Table 6.1 summarizes the available toxicity data for carcinogenic effects related to oral and 

dermal exposures.  The table contains USEPA’s weight-of-evidence classification of “not likely 

to be carcinogenic to humans” (USEPA 2013a); therefore, carcinogenic risk was not evaluated. 

 

2.6 Risk Characterization 

2.6.1 Estimation of Exposure Intakes 

 The estimated constituent exposure intakes associated with each pathway and scenario are 

presented along with risk estimates in a tabular format in RAGS Part D Tables 7.1 – 7.5.  The 

exposure intakes were calculated following USEPA guidance (1989) and are expressed in 

milligrams constituent per kilogram body weight per day (mg/kg-d).  The equations and 

parameters used for calculating constituent exposure intakes were presented previously in RAGS 

Part D Table 4.1 and in Section 2.6.   
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2.6.2 Quantitative Estimation of Risks 

 The results of the quantitative risk analysis are usually presented in two forms, cancer risk 

and the non-cancer Hazard Quotient (HQ).  However, USEPA’s weight of evidence of 

carcinogenicity for perchlorate is “not likely to be carcinogenic to humans” (USEPA 2013a); 

therefore, carcinogenic risk was not evaluated. 

 For estimating risks to individual non-carcinogens, the HQ is used.  The HQ is calculated 

as the non-cancer exposure intake (mg/kg-d) divided by the RfD (mg/kg-d).  Chronic RfDs are 

used for scenarios involving long-term exposures (i.e., industrial and residential).  The HQs are 

summed across pathways to calculate a HI for each pathway in each scenario.   

 The estimated non-cancer HIs are compared to available regulatory guidelines.  Regarding 

non-carcinogenic health hazards, (USEPA 1989) states that: 

 
"When the total hazard index for an exposed individual or group of individuals 

exceeds unity, there may be concern for potential non-cancer health effects." 

 
 Therefore, regarding non-carcinogenic health hazards, a HI equal to or less than one is 

generally acceptable (USEPA 1989).   

 RAGS Part D Tables 9.1 – 9.5 present a summary of receptor risks and non-cancer hazards 

by COPC.  The corresponding RAGS Part D Table 10s (if applicable) present a summary for each 

receptor by medium, exposure route and exposure point of non-cancer hazards that drive the total 

non-cancer HI exceedances of the acceptable non-cancer reference level of 1E+00, therefore 

triggering the need for remedial action.  Results for each scenario and pathway analyzed are 

discussed below: 

 
2.6.2.1 On-Site Shallow Groundwater 

 Future Construction/Utility Workers, Future Commercial/Industrial Workers and Future 

Residents (adult and child) are assumed to have contact with on-site shallow groundwater.  

 

 Future Construction/Utility Worker 

 The Future Construction/Utility Worker may potentially be exposed to perchlorate via 

dermal contact with on-site shallow groundwater during subsurface excavation activities.  RAGS 

Part D Table 7.1 presents the calculation of the non-cancer health hazards for the Future 
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Construction/Utility Worker and RAGS Part D Table 9.1 presents the summary non-cancer 

hazards.   

 As shown in RAGS Part D Table 9.1, the total HI for the Future Construction/Utility 

Worker that is dermally exposed to shallow groundwater is 4.7E-03, which is well below the non-

cancer reference level of 1E+00 that USEPA has identified in the NCP as representing an 

acceptable exposure level.   
  

 Future Commercial/Industrial Worker 

 The Future Commercial/Industrial Worker may potentially be exposed to perchlorate via 

the ingestion of and dermal contact with on-site shallow groundwater as tapwater.   

 RAGS Part D Table 7.2a presents the calculation of the non-cancer health hazards for the 

Future Commercial/Industrial Worker exposed to on-site shallow groundwater. RAGS Part D 

Table 9.2a presents the summary of non-cancer hazards.   

 As shown in RAGS Part D Table 9.2a, the total HI for the Future Commercial/Industrial 

Worker, exposed to shallow depth groundwater, is 4.7E-01, which does not exceed the non-cancer 

reference level of 1E+00 that USEPA has identified in the NCP as representing an acceptable 

exposure level.   

 
 Future Resident 

 The Future Resident may potentially be exposed to perchlorate via the ingestion of and 

dermal contact with on-site shallow groundwater as tapwater.   

 RAGS Part D Table 7.3.1a presents the calculation of the non-cancer health hazards for the 

Adult Future Resident exposed to on-site shallow groundwater, while Table 7.3.2a presents the 

calculation of the non-cancer health hazards for the Future Child Resident exposed to on-site 

shallow groundwater. RAGS Part D Tables 9.3.1a and 9.3.2a, respectively, presents the summary 

of non-cancer hazards for the Adult and Child Residents.   

Adult Resident - As shown in RAGS Part D Table 9.3.1a, the total HI for the Future Adult 

On-Site Resident, exposed to shallow depth groundwater, is 6.7E-01. The non-cancer HI for this 

receptor does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in 

the NCP as representing an acceptable exposure level.   

Child Resident - As shown in RAGS Part D Table 9.3.2a, the total HI for the Future Child 

On-Site Resident, exposed to shallow depth groundwater, is 1.4E+00. The non-cancer HI for this 
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receptor exceeds the non-cancer reference level of 1E+00 that USEPA has identified in the NCP 

as representing an acceptable exposure level. The primary route of exposure driving the HI is the 

ingestion of perchlorate in shallow groundwater.  

 
2.6.2.2 On-Site Intermediate Groundwater 

 Future Commercial/Industrial Workers and Future Residents (adult and child) are assumed 

to have contact with on-site intermediate groundwater.  

 

 Future Commercial/Industrial Worker 

 The Future Commercial/Industrial Worker may potentially be exposed to perchlorate via 

the ingestion of and dermal contact with on-site intermediate groundwater as tapwater.   

 RAGS Part D Table 7.2b presents the calculation of the non-cancer health hazards for the 

Future Commercial/Industrial Worker exposed to on-site intermediate groundwater. RAGS Part D 

Table 9.2b presents the summary of non-cancer hazards.   

 As shown in RAGS Part D Table 9.2b, the total HI for the Future Commercial/Industrial 

Worker, exposed to intermediate depth groundwater, is 1.6E-01, which does not exceed the non-

cancer reference level of 1E+00 that USEPA has identified in the NCP as representing an 

acceptable exposure level.   

 
Future Resident 

 The Future Resident may potentially be exposed to perchlorate via the ingestion of and 

dermal contact with on-site intermediate groundwater as tapwater.   

 RAGS Part D Table 7.3.1b presents the calculation of the non-cancer health hazards for 

the Adult Future Resident exposed to on-site intermediate groundwater, while Table 7.3.2b 

presents the calculation of the non-cancer health hazards for the Future Child Resident exposed to 

on-site intermediate groundwater. RAGS Part D Tables 9.3.1b and 9.3.2b, respectively, presents 

the summary of non-cancer hazards for the Adult and Child Residents.   

Adult Resident - As shown in RAGS Part D Table 9.3.1b, the total HI for the Future Adult 

On-Site Resident, exposed to intermediate depth groundwater, is 2.2E-01. The non-cancer HI for 

this receptor does not exceed the non-cancer reference level of 1E+00 that USEPA has identified 

in the NCP as representing an acceptable exposure level.   
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Child Resident - As shown in RAGS Part D Table 9.3.2b, the total HI for the Future Child 

On-Site Resident, exposed to intermediate depth groundwater, is 4.6E-01. The non-cancer HI for 

this receptor does not exceed the non-cancer reference level of 1E+00 that USEPA has identified 

in the NCP as representing an acceptable exposure level.  
 

2.6.2.3 On-Site Deep Groundwater 

 Future Commercial/Industrial Workers and Future Residents (adult and child) are assumed 

to have contact with on-site deep groundwater.  

 

 Future Commercial/Industrial Worker 

 The Future Commercial/Industrial Worker may potentially be exposed to perchlorate via 

the ingestion of and dermal contact with on-site deep groundwater as tapwater.   

 RAGS Part D Table 7.2c presents the calculation of the non-cancer health hazards for the 

Future Commercial/Industrial Worker exposed to on-site deep groundwater. RAGS Part D Table 

9.2c presents the summary of non-cancer hazards.   

 As shown in RAGS Part D Table 9.2c, the total HI for the Future Commercial/Industrial 

Worker, exposed to deep groundwater, is 2.7E-01, which does not exceed the non-cancer reference 

level of 1E+00 that USEPA has identified in the NCP as representing an acceptable exposure level.   

 
Future Resident 

 The Future Resident may potentially be exposed to perchlorate via the ingestion of and 

dermal contact with on-site deep groundwater as tapwater.   

 RAGS Part D Table 7.3.1c presents the calculation of the non-cancer health hazards for the 

Adult Future Resident exposed to on-site deep groundwater, while Table 7.3.2c presents the 

calculation of the non-cancer health hazards for the Future Child Resident exposed to on-site deep 

groundwater. RAGS Part D Tables 9.3.1c and 9.3.2c, respectively, presents the summary of non-

cancer hazards for the Adult and Child Residents.   

Adult Resident - As shown in RAGS Part D Table 9.3.1c, the total HI for the Future Adult 

On-Site Resident, exposed to deep groundwater, is 3.8E-01. The non-cancer HI for this receptor 

does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.   
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Child Resident - As shown in RAGS Part D Table 9.3.2c, the total HI for the Future Child 

On-Site Resident, exposed to deep groundwater, is 7.6E-01. The non-cancer HI for this receptor 

does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.  

 

2.6.2.4 Off-Site Shallow Groundwater 

 Future Residents (adult and child) are assumed to have contact with off-site shallow 

groundwater. The Future Resident may potentially be exposed to perchlorate via the ingestion of 

and dermal contact with off-site shallow groundwater as tapwater.   

 RAGS Part D Table 7.4.1a presents the calculation of the non-cancer health hazards for the 

Adult Future Resident exposed to off-site shallow groundwater, while Table 7.4.2a presents the 

calculation of the non-cancer health hazards for the Future Child Resident exposed to off-site 

shallow groundwater. RAGS Part D Tables 9.4.1a and 9.4.2a, respectively, presents the summary 

of non-cancer hazards for the Adult and Child Residents.   

 
Adult Resident 

 As shown in RAGS Part D Table 9.4.1a, the total HI for the Future Adult Off-site Resident, 

exposed to shallow depth groundwater, is 7.7E-02. The non-cancer HI for this receptor does not 

exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.   
 

Child Resident 

 As shown in RAGS Part D Table 9.4.2a, the total HI for the Future Child Off-site Resident, 

exposed to shallow depth groundwater, is 1.6E-01. The non-cancer HI for this receptor does not 

exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.  

 
2.6.2.5 Off-Site Intermediate Groundwater 

 Future Residents (adult and child) are assumed to have contact with off-site intermediate 

groundwater. The Future Resident may potentially be exposed to perchlorate via the ingestion of 

and dermal contact with off-site intermediate groundwater as tapwater.   
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 RAGS Part D Table 7.4.1b presents the calculation of the non-cancer health hazards for 

the Adult Future Resident exposed to off-site intermediate groundwater, while Table 7.4.2b 

presents the calculation of the non-cancer health hazards for the Future Child Resident exposed to 

off-site intermediate groundwater. RAGS Part D Tables 9.4.1b and 9.4.2b, respectively, presents 

the summary of non-cancer hazards for the Adult and Child Residents.   

 
Adult Resident 

 As shown in RAGS Part D Table 9.4.1b, the total HI for the Future Adult Off-site Resident, 

exposed to intermediate depth groundwater, is 5.1E-01. The non-cancer HI for this receptor does 

not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.   

 
Child Resident 

 As shown in RAGS Part D Table 9.4.2b, the total HI for the Future Child Off-site Resident, 

exposed to intermediate depth groundwater, is 1.0E+00. The non-cancer HI for this receptor does 

not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.  
 

2.6.2.6 Off-Site Deep Groundwater 

 Future Residents (adult and child) are assumed to have contact with off-site deep 

groundwater. The Future Resident may potentially be exposed to perchlorate via the ingestion of 

and dermal contact with off-site deep groundwater as tapwater.   

 RAGS Part D Table 7.4.1c presents the calculation of the non-cancer health hazards for the 

Adult Future Resident exposed to off-site deep groundwater, while Table 7.4.2c presents the 

calculation of the non-cancer health hazards for the Future Child Resident exposed to off-site deep 

groundwater. RAGS Part D Tables 9.4.1c and 9.4.2c, respectively, presents the summary of non-

cancer hazards for the Adult and Child Residents.   

 
Adult Resident 

 As shown in RAGS Part D Table 9.4.1c, the total HI for the Future Adult Off-site Resident, 

exposed to deep groundwater, is 2.4E+00. The non-cancer HI for this receptor exceeds the non-

cancer reference level of 1E+00 that USEPA has identified in the NCP as representing an 
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acceptable exposure level.  The primary route of exposure driving the HI is the ingestion of 

perchlorate in off-site deep groundwater. 
 

Child Resident 

 As shown in RAGS Part D Table 9.4.2c, the total HI for the Future Child Off-site Resident, 

exposed to deep groundwater, is 4.8E+00. The non-cancer HI for this receptor exceeds the non-

cancer reference level of 1E+00 that USEPA has identified in the NCP as representing an 

acceptable exposure level. The primary route of exposure driving the HI is the ingestion of 

perchlorate in off-site deep groundwater. 

 
2.6.2.7 Farm Parcel Shallow Groundwater 

 Future Residents (adult and child) are assumed to have contact with Farm Parcel shallow 

groundwater. The Future Resident may potentially be exposed to perchlorate via the ingestion of 

and dermal contact with Farm Parcel shallow groundwater as tapwater.   

 RAGS Part D Table 7.5.1a presents the calculation of the non-cancer health hazards for the 

Adult Future Resident exposed to Farm Parcel shallow groundwater, while Table 7.5.2a presents 

the calculation of the non-cancer health hazards for the Future Child Resident exposed to Farm 

Parcel shallow groundwater. RAGS Part D Tables 9.5.1a and 9.5.2a, respectively, presents the 

summary of non-cancer hazards for the Adult and Child Residents.   

 
Adult Resident 

 As shown in RAGS Part D Table 9.5.1a, the total HI for the Future Adult Farm Parcel 

Resident, exposed to shallow depth groundwater, is 3.8E-01. The non-cancer HI for this receptor 

does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.   
 

Child Resident 

 As shown in RAGS Part D Table 9.5.2a, the total HI for the Future Child Farm Parcel 

Resident, exposed to shallow depth groundwater, is 7.6E-01. The non-cancer HI for this receptor 

does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.  
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2.6.2.8 Farm Parcel Intermediate Groundwater 

 Future Residents (adult and child) are assumed to have contact with Farm Parcel 

intermediate groundwater. The Future Resident may potentially be exposed to perchlorate via the 

ingestion of and dermal contact with Farm Parcel intermediate groundwater as tapwater.   

 RAGS Part D Table 7.5.1b presents the calculation of the non-cancer health hazards for 

the Adult Future Resident exposed to Farm Parcel intermediate groundwater, while Table 7.5.2b 

presents the calculation of the non-cancer health hazards for the Future Child Resident exposed to 

Farm Parcel intermediate groundwater. RAGS Part D Tables 9.5.1b and 9.5.2b, respectively, 

presents the summary of non-cancer hazards for the Adult and Child Residents.   

 
Adult Resident 

 As shown in RAGS Part D Table 9.5.1b, the total HI for the Future Adult Farm Parcel 

Resident, exposed to intermediate depth groundwater, is 5.3E-01. The non-cancer HI for this 

receptor does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in 

the NCP as representing an acceptable exposure level.   
 

Child Resident 

 As shown in RAGS Part D Table 9.5.2b, the total HI for the Future Child Farm Parcel 

Resident, exposed to intermediate depth groundwater, is 1.1E+00. The non-cancer HI for this 

receptor exceeds the non-cancer reference level of 1E+00 that USEPA has identified in the NCP 

as representing an acceptable exposure level. The primary route of exposure driving the HI is the 

ingestion of perchlorate in intermediate groundwater. 
 

2.6.2.9 Farm Parcel Deep Groundwater 

 Future Residents (adult and child) are assumed to have contact with Farm Parcel deep 

groundwater. The Future Resident may potentially be exposed to perchlorate via the ingestion of 

and dermal contact with Farm Parcel deep groundwater as tapwater.   

 RAGS Part D Table 7.5.1c presents the calculation of the non-cancer health hazards for the 

Adult Future Resident exposed to Farm Parcel deep groundwater, while Table 7.5.2c presents the 

calculation of the non-cancer health hazards for the Future Child Resident exposed to Farm Parcel 

deep groundwater. RAGS Part D Tables 9.5.1c and 9.5.2c, respectively, presents the summary of 

non-cancer hazards for the Adult and Child Residents.   
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Adult Resident 

 As shown in RAGS Part D Table 9.5.1c, the total HI for the Future Adult Farm Parcel 

Resident, exposed to deep groundwater, is 3.4E+00. The non-cancer HI for this receptor exceeds 

the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as representing an 

acceptable exposure level.  The primary route of exposure driving the HI is the ingestion of 

perchlorate in Farm Parcel deep groundwater. 
 

Child Resident 

 As shown in RAGS Part D Table 9.5.2c, the total HI for the Future Child Farm Parcel 

Resident, exposed to deep groundwater is 6.9E+00. The non-cancer HI for this receptor exceeds 

the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as representing an 

acceptable exposure level. The primary route of exposure driving the HI is the ingestion of 

perchlorate in Farm Parcel deep groundwater. 

 
2.7 Human Health Risk Assessment Summary 

 The risk characterization combined components (i.e., hazard identification, exposure 

assessment and dose-response assessment) to provide quantitative estimates non-cancer health 

hazards.  The calculated non-cancer HIs were compared to the non-cancer reference level of 

1E+00, that USEPA has identified in the NCP as representing an acceptable exposure level.  Table 

11 presents a summary of the results of the risk assessment. 

 As shown in Table 11, the target level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level was exceeded for the following receptors:   

 
 Future Child Resident exposed to on-site shallow groundwater,  
 Future Adult and Child Resident exposed to off-site deep groundwater, 
 Future Child Resident exposed to Farm Parcel intermediate groundwater, and 
 Future Adult and Child Resident exposed to Farm Parcel deep groundwater. 

 
 The ingestion of groundwater pathway was the significant exposure pathway.  Dermal 

contact showed insignificant risk. 
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Table 11. Summary of SMC OU3 BHHRA Results 

 
Receptor Non-Cancer Drivers (HQ>1) 

On-Site Shallow Groundwater   
Future Construction/Utility Worker 4.7E-03  
Future Commercial/Industrial Worker 4.7E-01  
Future Adult Resident 6.7E-01  
Future Child Resident 1.4E+00 Ingestion of groundwater 

On-Site Intermediate Groundwater   
Future Commerical/Industrial Worker 1.6E-01  
Future Adult Resident 2.2E-01  
Future Child Resident 4.6E-01  

On-Site Deep Groundwater   
Future Commerical/Industrial 2.7E-01  
Future Adult Resident 3.8E-01  
Future Child Resident 7.6E-01  

Off-Site Shallow Groundwater   
Future Adult Resident 7.7E-02  
Future Child Resident 1.6E-01  

Off-Site Intermediate Groundwater   
Future Adult Resident 5.1E-01  
Future Child Resident 1.0E+00  

Off-Site Deep Groundwater   
Future Adult Resident 2.4E+00 Ingestion of groundwater 
Future Child Resident 4.8E+00 Ingestion of groundwater 

Farm Parcel Shallow Groundwater   
Future Adult Resident 3.8E-01  
Future Child Resident 7.6E-01  

Farm Parcel Intermediate Groundwater   
Future Adult Resident 5.3E-01  
Future Child Resident 1.1E+00 Ingestion of groundwater 

Farm Parcel Deep Groundwater   
Future Adult Resident 3.4E+00 Ingestion of groundwater 
Future Child Resident 6.9E+00 Ingestion of groundwater 

Bold = HQ/HI>1E+00 
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2.8 Uncertainty Assessment 

 The uncertainty analysis identifies the key uncertainties associated with the human health 

risk estimates.  The risk estimates presented in this report are potential risks posed to receptors of 

the SMC Site, rather than calculations of absolute risk.  Uncertainties are present in the underlying 

inputs from each component of the risk assessment (i.e., hazard identification, dose-response 

assessment, exposure assessment, and risk characterization).  The goal of the risk assessment is to 

provide reasonable but conservative risk estimates to guide decision-making.  By using 

standardized methodology guidelines, in particular USEPA guidance (USEPA 1989), the risk 

characterization provides a basis for determining whether additional remediation needs to be 

considered.  The general and site-specific uncertainties associated with each component of the risk 

characterization (hazard identification, environmental sampling, COPC selection, exposure 

assessment, dose-response assessment, and risk characterization) are discussed below. 

 
2.8.1 Hazard Identification 

 As described previously, groundwater, combined surface/subsurface soil, sediment, and 

surface water were collected and analyzed for perchlorate.  There are several potential sources of 

uncertainty associated with the collection and analysis of these samples as described below. 

 
2.8.2 Environmental Sampling 

 Per the AOC, OU3 is defined as perchlorate contamination in all media; therefore the 

potential for not identifying all the potential COPCs present in the Site media as a source of 

uncertainty is low due to the targeted sampling for known contamination.   Another source of 

uncertainty associated with environmental sampling and analysis is that the sampling locations 

may not accurately reflect the range, frequency, and distribution of perchlorate at the Site.  In 

general, this phenomenon could lead to an under- or over-estimation of the frequency of detection 

and magnitude of concentrations.  Additionally, in March 2014, USEPA released OSWER 

Directive 9283.1-42, Determining Groundwater Exposure Point Concentrations, Supplemental 

Guidance.  This supplemental guidance document outlines policy and recommendations for 

groundwater sampling for risk assessment purposes.  One of the recommendations includes placing 

a minimum of three wells within the core/center of the contamination plume and using that data 

for the risk assessment.  The implementation of this recommendation would likely result in 
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increased risk estimates, as these wells would presumably have the highest concentration of 

contaminants.   

 There may be a regional/background deep aquifer zone perchlorate issue, as discussed in 

the SCSR (TRC 2011).  Moderate concentrations of perchlorate were identified in wells located 

upgradient or sidegradient of the Site, including USGS well OBS-2A (4.8 ppb), on-site monitoring 

well W3D (8.6 ppb) and monitoring well SC40D (4.0 ppb).   Therefore, the regional/background 

concentrations may be as high as 8.6 ppb perchlorate, based on current data.  This 

regional/background issue may have resulted from the extensive agricultural land use within the 

area and the potential use of Chilean-mined fertilizers (of which perchlorate is a component) on 

the cultivated soils of the area farms.  The documentation of the presence of perchlorate in lettuce 

crops in Newfield and spinach crops in Vineland and the historical use of irrigation wells in the 

area seem to provide additional evidence of a regional groundwater perchlorate issue.  However, 

potential perchlorate background issues had no impact on the quantitative analyses performed in 

the risk assessment. 

 There are also uncertainties associated with the analytical method and instruments used in 

the analysis of samples.  For example, the values reported as non-detected may actually range from 

non-detect (i.e., not present) up to the value of the SQL.  The replacement of non-detects with a 

value equal to the SQL is intended to be conservative, and could over-estimate the actual 

perchlorate concentrations present in the environmental media.   

  

2.8.3 COPC Selection 

 The selection of COPCs is intended to identify those constituents that are likely to be 

related to the Site.  Since perchlorate was the only COPC, there is no uncertainty associated with 

the COPC selection.  The media evaluated (e.g. groundwater, soil, sediment or surface water) were 

selected for further evaluation if perchlorate was detected in the sampled environmental media and 

exceeded available USEPA residential RSLs.  Since perchlorate is a non-carcinogen, one-tenth the 

RSL was used as a screening criteria. The process for selecting the media to be evaluated is 

expected to be conservative, which means that it is unlikely that the selection methodology would 

overlook a medium that should be evaluated.   
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2.8.4 Exposure Assessment 

 Assumptions are inherent in any assessment of exposure and risk.  This section identifies 

and quantifies, to the extent possible, the uncertainties associated with the exposure assessment 

for the Site.  The potential areas of uncertainty include the selection of anticipated future land uses, 

selection of exposure pathways, calculation of EPCs, and the selection of specific exposure 

parameters. 

 
2.8.4.1 Selection of Exposure Points and Pathways 

 The selection of exposure points and pathways is based upon the potential future land uses 

of the Site.  It is highly unlikely that there will be future residences at the Site, as this is an 

industrially zoned area and the ROD requires that a deed restriction notice be applied to the 

property prohibiting its use for future residential development.  SMC’s future plans for the Site 

include:  
 

 the continued use of the buildings for warehousing and construction equipment 
storage space (or replacement/repair thereof);  

 
 a potential solar installation in the Eastern Storage Area, or possibly continued use of 

that area as storage; and 
 
 consideration of a Brownfields/Brightfields approach, which includes the Former 

Lagoon Area (AOC-3) as an area to potentially be used for solar development.  If 
viable, solar arrays would be placed in this area after key remedial measures have 
been implemented. 

 
 Currently there is no use of groundwater at the Site, nor are nearby residents using private 

groundwater wells as a potable source of water. Potable water is provided locally by the Newfield 

Water Department and the Vineland Water and Sewer Utility. Both utilities rely solely on 

groundwater sources for their potable water. Due to chromium and TCE contamination, the City 

of Vineland has designated an area of the city downgradient from the Site as a well restriction area 

requiring mandatory connection to the public water systems.   

 It should be noted that the magnitude of the risk to each receptor is predicated upon the 

exposure actually occurring under the exposure duration assumptions presented in the RAGS Part 

D Table 4 series.   
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2.8.4.2 Exposure Point Concentrations 

 Groundwater exposure point concentrations were calculated as a theoretical arithmetic 

mean based on either a normal, lognormal or gamma distributed dataset.  If the dataset was not a 

normal, lognormal or gamma distribution, then non-parametric methods were used.  The USEPA 

software selected to calculate the arithmetic mean concentration, ProUCL 4.1 (USEPA 2010), 

determined whether the 95%, 97.5% or 99% UCL of the mean was the appropriate UCL.  The use 

of the UCL of the mean provides reasonable confidence that the true site average will not be 

underestimated.  Average concentrations are used in characterizing risks at a site because toxicity 

criteria are based on lifetime average exposures and the average concentration is the most 

representative of the concentration that would be contacted at the site over time (USEPA 1992).  

Therefore, the uncertainty associated with the calculation of the EPCs will likely overestimate 

exposure. 

 In those cases where there were either an insufficient number of samples or an insufficient 

number of detected samples within a dataset to calculate a UCL using ProUCL, the maximum 

detected concentration was used in characterizing risk.  The use of the maximum detected 

concentration as the EPC will likely overestimate exposure.  

 OSWER Directive 9283.1-42, Determining Groundwater Exposure Point Concentrations, 

Supplemental Guidance, recommends the use of the latest two rounds of data, collected ideally in 

the latest year.  The data used in this risk assessment included data from 2004 through 2011.  The 

use of the last two rounds of groundwater samples (September 2010 and April 2011) for the most 

part would result in an increase in the EPC value.  The maximum detected value would be used 

primarily as the EPC due to the insufficient number of samples to calculate a UCL value.  The 

increase in the EPC would increase the magnitude of the HI exceedance of the target value of 1 

for those receptors that already exceeded the target (i.e. on-site shallow aquifer - Child Resident, 

off-site deep aquifer - Adult and Child Resident, intermediate farm parcel aquifer – Child Resident 

and deep farm parcel – Adult and Child Resident).  The increase in the EPC for the intermediate 

off-site aquifer would also result in an HI exceedance for the Child Resident.  Overall, although 

the magnitude of the HI exceedance would increase, the overall conclusions of the risk assessment 

would not.   
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2.8.4.3 Exposure Parameter Values 

 For all exposure scenarios and pathways, the RME exposure assumptions incorporated into 

the Draft OU3 BHHRA are intended to be conservative (i.e., health protective) and likely 

overestimate the potential exposures and risks.  For the most part, the RME exposure assumptions 

coupled with the UCL of the mean are considered "high end" exposure assumptions and represents 

the highest dose estimated to be experienced by some individuals, commonly stated as 

approximately equal to the 90th percentile exposure category for individuals. Section 2.6.2 

provides a discussion of the associated range of uncertainty for each exposure parameter. 

 In February 2014, USEPA issued OSWER Directive 9200.1-120, which provided updated 

default exposure parameters as provided in USEPA’s Exposure Factor Handbook – 2011 Edition.  

Table 12 provides a comparison of the default exposure parameters used in this risk assessment 

with the updated 2014 values, and also provides a comparison of the resultant perchlorate hazard 

index.  In general, the following default parameters increased: adult water ingestion rate (increases 

risk), adult skin surface area (increases risk), and adult body weight (decreases risk), while the 

following parameters decreased: construction/utility worker exposure frequency (decreases risk), 

residential adult exposure duration (no change to non-cancer risk), child water ingestion rate 

(decreases risk) and child skin surface area (decreases risk).  As shown in Table 12, these changes 

resulted in a 5% decrease in the adult hazard index for perchlorate and a 22% decrease in the child 

hazard index.  As a result of the 22% decrease in non-cancer risk for the child, the hazard index 

for the intermediate depth Farm Parcel aquifer would be below the non-cancer target level of 1 

based upon the current default factors. 

 Central Tendency exposure (CTE) parameters coupled with the arithmetic average of the 

detected COPC concentrations (Tables 3.1 – 3.3), provide an estimate of the average experienced 

by the affected population.  A CTE evaluation was conducted for those receptors with a non-cancer 

HI that exceeded the threshold of 1E+00. 

 Appendix C presents the results of the CTE exposure assessment.  
 

Future Child Resident Exposed To On-Site Shallow Groundwater 

 As shown in RAGS Part D Table 9.3.2aCTE, the total HI for the Future Child On-Site 

Resident, exposed to shallow depth groundwater, is 6.6E-01. The non-cancer HI for this receptor 

does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.  
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Future Adult and Child Resident Exposed To Off-Site Deep Groundwater 

 Adult - As shown in RAGS Part D Table 9.4.1cCTE, the total HI for the Future Adult Off-

Site Resident, exposed to deep groundwater, is 3.9E-01. The non-cancer HI for this receptor does 

not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level. 

 Child - As shown in RAGS Part D Table 9.4.2cCTE, the total HI for the Future Child Off-

Site Resident, exposed to deep groundwater, is 8.7E-01. The non-cancer HI for this receptor does 

not exceed the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level. 

 
Future Child Resident Exposed To Farm Parcel Intermediate Groundwater 

 As shown in RAGS Part D Table 9.5.2bCTE, the total HI for the Future Child Farm Parcel 

Resident, exposed to intermediate depth groundwater, is 3.1E-01. The non-cancer HI for this 

receptor does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in 

the NCP as representing an acceptable exposure level. 

 

Future Adult and Child Resident Exposed To Farm Parcel Deep Groundwater 

 Adult - As shown in RAGS Part D Table 9.5.1cCTE, the total HI for the Future Adult 

Farm Parcel Resident, exposed to deep groundwater, is 7.6E-01. The non-cancer HI for this 

receptor does not exceed the non-cancer reference level of 1E+00 that USEPA has identified in 

the NCP as representing an acceptable exposure level. 

 Child - As shown in RAGS Part D Table 9.5.2cCTE, the total HI for the Future Child Farm 

Parcel Resident, exposed to deep groundwater, is 1.7E+00. The non-cancer HI for this receptor 

exceeds the non-cancer reference level of 1E+00 that USEPA has identified in the NCP as 

representing an acceptable exposure level.   

  

2.8.5 Dose-Response Assessment 

 There are several main sources of uncertainty related to the toxicity information.  First, the 

availability and quality of toxicity data affect the ability of experts to derive toxicity criteria and 

the quality/certainty of the toxicity criteria that are derived.   
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 The uncertainty associated with the toxicity values for a constituent contributes to the 

overall uncertainty in the risk characterization of the Site.  The possible sources of uncertainty for 

a given constituent include:  the number of available studies in the toxicological literature, the 

quality of these studies, the consistency among the study results (e.g., across species, strains, sex 

and exposure pathways), the plausibility of the biological mechanism, and the existence and nature 

of a dose-response relationship.  The quality of individual studies is influenced by some of these 

same factors as well as by the test species, the dose used, the route of exposure, the length of 

exposure, and other study design issues (e.g., sample size and statistical power).  In addition, 

animal-to-human extrapolation, high dose to low dose extrapolation, and short-term to long-term 

extrapolation often introduce considerable uncertainty into the derivation of toxicity values by 

USEPA. 

 The toxicity of perchlorate and the associated RfD are a major source of 

uncertainty.  Perchlorate affects the ability of the thyroid gland to take up iodine. Iodine is needed 

to make hormones that regulate many body functions after they are released into the blood. 

Perchlorate's inhibition of iodine uptake must be great enough to affect the thyroid before it is 

considered harmful.  The prevalence of hypothyroidism is about 5% in the general population of 

the United States, but there is no evidence that any of this percentage is due to perchlorate 

exposure.  Additionally, other chemicals in the diet and in tobacco smoke (e.g. thiocyanate) also 

can affect the thyroid gland in ways similar to perchlorate (ATSDR 2008a). 

 Per USEPA’s summary for the basis of the RfD, the RfD is based upon the inhibition of 

iodide uptake in healthy volunteers after ingestion of perchlorate in water.  Iodide uptake inhibition 

is a key biochemical event that precedes all potential thyroid-mediated effects of perchlorate 

exposure. Because iodide uptake inhibition is not an adverse effect but a biochemical change, this 

is a No Observed Effect Level (NOEL). The use of a NOEL differs from the traditional approach 

to deriving an RfD, which bases the critical effect on an adverse outcome. Using a non-adverse 

effect that occurs prior to the adverse effect is a more conservative and thus health-protective 

approach to perchlorate hazard assessment. Should additional studies determine that adverse 

effects occur at a higher dose than is assumed here, the resultant risks would decrease.  A dose of 

0.007 mg perchlorate per kg body weight was the lowest dose in the NAS study that produced a 

non-statistically significant decrease in radioactive iodide uptake of 1.8%.  An intraspecies 

uncertainty factor of 10 was applied to this value to protect the most sensitive population, the 
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fetuses of pregnant women who might have hypothyroidism or iodide deficiency.  As stated 

previously, the prevalence of hypothyroidism is about 5% in the general population of the United 

States, therefore the subpopulation of pregnant women who might have hypothyroidism is 

expected to be much smaller. 

 It should be noted that these same healthy volunteers, although they exhibited a decrease 

in iodide uptake, did not exhibit any abnormal functioning of the thyroid or any other health 

problem.  The National Research Council (NRC) (NRC 2005) perchlorate committee concluded 

that, although limited, the available epidemiological evidence is not consistent with a causal 

association between perchlorate and congenital hypothyroidism, changes in thyroid function in 

normal-birth weight, full-term newborns, or hypothyroidism or other thyroid disorders in adults. 

The committee considered the evidence to be inadequate to determine whether or not there is a 

causal association between perchlorate exposure and adverse neurodevelopmental outcomes in 

children (NRC 2005). 

 Studies of the general population exposed to perchlorate via the drinking water found no 

significant increase in the incidence of thyroid diseases relative to a comparison group whose 

drinking water did not have perchlorate.  Most studies of children and neonates in areas where 

perchlorate has been detected in the drinking water have reported no significant alterations in 

indices of thyroid function among the subjects studied (ATSDR 2008b).  A recent study (Leung et 

al 2012) evaluated the relationship of environmental perchlorate exposures (as well as thiocyanate) 

and infant serum thyroid function. There were no correlations between infant thyroid-stimulationg 

hormone or free thyroxine and iodine, perchlorate, and thiocyanate levels in breast milk, maternal 

urine or infant urine. These studies collectively appear to rule out a large perchlorate-related effect 

on thyroid function. 

 

2.8.6 Risk Characterization 

 The uncertainties associated with the risk characterization may be categorized into two 

groups: (1) those related to the other components of the risk assessment (i.e., the hazard 

identification, exposure assessment, and dose-response assessment) as discussed in Sections 2.10.1 

– 2.10.5 and (2) those inherent in the risk characterization methodologies.  The key uncertainty 

associated with the latter category is the assumption that chemical specific risks are additive (i.e., 

act independently (e.g., 1 + 1 = 2)).  This oversimplifies the fact that constituents may also act 
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synergistically (e.g., 1 + 1 > 2) or antagonistically (e.g., 1 + 1 < 2).  For the non-carcinogenic 

assessment, it also overlooks the fact that different constituents may be associated with varying 

health endpoints.   

 The SMC Facility has three OUs, OU1 – non-perchlorate groundwater contamination,   

OU2 – non-perchlorate soil, sediment and surface water contamination and OU3 – perchlorate 

contamination – all media.  The primary COPCs for OU1 are hexavalent chromium and TCE.  The 

risk assessment for OU1 was conducted in 1995.  A groundwater extraction and treatment system 

has been operating at the site since 1979.  In situ treatment of the groundwater, which began in 

2011, has dramatically lowered the chromium concentrations (>90%).  

 The results of the OU2 risk evaluation conducted for the Future On-Site Resident resulted 

in cancer risks of 1E-05 and 5E-05 for the adult and child Resident, respectively and cumulative 

non-cancer hazards of 6.6E-01 and 3.8E+00 for the adult and child Resident, respectively.  The 

child Resident non-cancer HI is driven by exposure to vanadium. 

 The results of the OU3 risk evaluation for perchlorate for the Future On-Site resident 

resulted in perchlorate hazard quotients of 6.7E-01 and 1.4E+00 for the adult and child Resident, 

respectively, directly exposed (ingestion and dermal) to on-site shallow groundwater; 2.2E-01 and 

4.6E-01 for the adult and child Resident, respectively, directly exposed (ingestion and dermal) to 

on-site intermediate depth groundwater; and 3.8E-01 and 7.6E-01 for the adult and child Resident, 

respectively, directly exposed (ingestion and dermal) to on-site deep groundwater. 

 In considering the additivity of risk among the three OUs, OU1 is under active remediation 

and therefore the risks that were calculated in 1995 were based on pre-remediation groundwater 

data and are no longer relevant.  Cumulative non-cancer HIs associated with the On-Site Resident 

exposed to non-perchlorate on-site surface soils and perchlorate contaminated on-site groundwater 

(shallow, intermediate and deep) would exceed the target non-cancer HI of 1E+00 in all instances, 

with the exception of the Adult Resident – intermediate aquifer and Adult Resident – deep aquifer.  

However, the only OU2 COPC that targets the thyroid is cobalt. As shown in Table 13, cobalt 

contributes only 5% and 7% to the total HI for the OU2 adult and child receptors, respectively. 

Therefore,  consideration of the additivity of the target organ non-cancer risks does not impact the 

overall results of the OU3 risk assessments in that only the On-Site Child – shallow Aquifer 

receptor exceeds the target value of 1E+00.  The cumulative HIs for OU2 and OU3 On-Site Adult 

and Child Residents as well as the target organ (thyroid) HIs are as follows: 
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Table 13. Cumulative Hazard Indices for OU2 and OU3 On-Site Resident Receptors 

Receptor OU2 HI 
(Cobalt)  

OU3 HI  Cumulative HI 
(c) 

Target Organ HI 
(Thyroid) (d) 

OU2 Receptors (a)     
Adult Resident  6.6E-01 (3.1E-02)    
Child Resident  3.8E+00 (2.8E-01)    
OU3 Receptors (b)     
Shallow Aquifer     
Adult Resident  6.7E-01 1.3E+00 7.0E-01 
Child Resident  1.4E+00 5.2E+00 1.7E+00 
Intermediate Aquifer     
Adult Resident  2.2E-01 8.8E-01 2.5E-01 
Child Resident  4.6E-01 4.3E+00 4.9E-01 
Deep Aquifer     
Adult Resident  3.8E-01 1.0E+00 4.1E-01 
Child Resident  7.6E-01 4.6E+00 1.0E+00 

(a) OU2 HI based upon on-site soil exposure only.  Cobalt HQ in parentheses 
(b) OU3 HI based exposure to each on-site groundwater depth. 
(c) Cumulative HI = OU2 HI + OU3 HQ at each depth 
(d) Cobalt HQ (OU2) + OU3 HQ (Perchlorate) 

Bolded value = HI/HQ>1.0 
 
These risks are predicated under the assumption that the exposure receptor scenario will occur.  

Currently there are no plans to develop the site for Residential purposes.   

 
2.8.7 Uncertainty Assessment Conclusion 

 The parameters used in this Draft OU3 BHRRA were selected to provide a conservative 

(i.e., heath-protective) estimate of risk and, if anything, are expected to overestimate the potential 

risks to human health posed by the Site.  The perchlorate RfD is especially conservative in that it 

is based upon a non-statistically significant decrease in iodide uptake in healthy volunteers.  Not 

only was the decrease non-significant, the decrease is also considered a biochemical effect and not 

an adverse effect.  An additional uncertainty factor of 10 was applied to protect the most sensitive 

population, the fetuses of pregnant women who might have hypothyroidism or iodide deficiency.  

Studies of the general population exposed to perchlorate via the drinking water found no 

significant increase in the incidence of thyroid diseases relative to a comparison group whose 

drinking water did not have perchlorate. Should additional studies determine that adverse effects 

occur at a higher dose than is assumed here, the resultant risks would decrease.
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3.0 HUMAN HEALTH RISK ASSESSMENT CONCLUSIONS 

 This Draft OU3 BHHRA has been performed in accordance with EPA policy and 

guidelines, in a technically sound manner.  Risks for potential OU3 receptors have been identified 

and quantified.  This Draft OU3 BHHRA has built upon the approved OU3 Conceptual Site Model 

and Memorandum of Exposure Scenarios and Assumptions (TRC 2012) and the OU3 PAR (TRC 

2013). 

 The results of the Draft OU3 BHHRA show that perchlorate in groundwater poses a 

potential hazard to the following receptors: 

 

 Future Child Resident exposed to on-site shallow groundwater,  
 Future Adult and Child Resident exposed to off-site deep groundwater, 
 Future Child Resident exposed to Farm Parcel intermediate groundwater, and 
 Future Adult and Child Resident exposed to Farm Parcel deep groundwater. 

 

 SMC is considering a Brownfields/Brightfields approach for the future development of the 

Site, and is considering the potential development of a solar array in the Former Lagoon Area.  If 

viable, solar arrays would be placed in this area after key remedial measures have been 

implemented.  Future uses of specific areas of the Site include potential siting of a solar array or 

continued use as a storage area in the Eastern Storage area. Additionally, SMC’s future plans also 

include the continued use of the buildings for warehousing and construction equipment storage 

space (or replacement/repair thereof).  

 Although exposure to on-site groundwater (shallow) shows an unacceptable risk (greater 

than the acceptable non-cancer threshold of 1E+00) to a Future On-Site Child Resident due to 

perchlorate exposure, the Site is zoned Industrial/Light Industrial and there is no reasonable 

expectation that this land use will be changed in the future.  SMC’s future development plans 

include industrial use of the facility as the potential site of a solar array and continued current use 

of the buildings for warehousing and construction equipment storage. Furthermore, as part of other 

remedial actions at the Site, a deed restriction prohibiting use for future residential development 

will be applied to the Site.   

 In addition, although exposure to off-site groundwater (including the Farm Parcel) shows 

an unacceptable risk (greater than the acceptable non-cancer threshold of 1E+00) to a Future Adult 

and Child Resident due to perchlorate exposure, currently no nearby residents are using private 
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groundwater wells as a potable source of water. Potable water is provided locally by the Newfield 

Water Department and the Vineland Water and Sewer Utility. Both utilities rely solely on 

groundwater sources for their potable water. Due to chromium and TCE contamination, the City 

of Vineland has designated an area of the city downgradient from the Site as a well restriction area 

requiring mandatory connection to the public water systems and there is no reasonable expectation 

that this restriction will be changed in the future. 

 Uncertainties associated with the Draft OU3 BHHRA are biased conservative (i.e. more 

protective of human health) and are therefore considered acceptable and in accordance with 

accepted practice. 
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TABLES



TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Shieldalloy Metallurgical Corporation - Newfield, NJ

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway

Current Groundwater Groundwater Water at Tap On-Site Worker Adult Ingestion None

Water at Tap On-Site Worker Adult Dermal while showering None

Future Groundwater Groundwater Water at Tap On-Site Commercial/Industrial Worker Adult Ingestion Quant.

(all depths) Water at Tap On-Site Commercial/Industrial Worker Adult Dermal while hand washing Quant.

Future Groundwater Shallow Groundwater Shallow Groundwater On-Site Construction/Utility Worker Adult Ingestion None Excluded, Insignificant pathway - Intermittent exposure.

Shallow Groundwater On-Site Construction/Utility Worker Adult Dermal Quant. Selected, complete exposure pathway - potential contact with 
groundwater during excavation activities

Future Groundwater Groundwater Water at Tap Resident (a) Adult Ingestion Quant.

(all depths) Water at Tap Resident (a) Adult Dermal while showering Quant.

Future Groundwater Groundwater Water at Tap Resident (a) Child Ingestion Quant.

(all depths) Water at Tap Resident (a) Child Dermal while showering Quant.

Current/Future Soil Surface Soil Surface Soil On-Site Worker Adult Ingestion None Excluded, insignificant levels of perchlorate

Surface Soil On-Site Worker Adult Dermal None Excluded, insignificant levels of perchlorate

Fugitive Dusts On-Site Worker Adult Inhalation None Excluded, insignificant levels of perchlorate

Current/Future Soil Surface/Subsurface Soil Surface/Subsurface Soil Construction/Utility Worker Adult Ingestion None Excluded, insignificant levels of perchlorate

Surface/Subsurface Soil Construction/Utility Worker Adult Dermal None Excluded, insignificant levels of perchlorate

Fugitive Dusts Construction/Utility Worker Adult Inhalation None Excluded, insignificant levels of perchlorate

Current/Future Soil Surface Soil Surface Soil Trespasser Adolescent Ingestion None Excluded, insignificant levels of perchlorate

Surface Soil Trespasser Adolescent Dermal None Excluded, insignificant levels of perchlorate

Fugitive Dusts Trespasser Adolescent Inhalation None Excluded, insignificant levels of perchlorate

Future Soil Surface/Subsurface Soil Surface/Subsurface Soil Construction/Utility Worker Adult Ingestion None Excluded, insignificant levels of perchlorate

Surface/Subsurface Soil Construction/Utility Worker Adult Dermal None Excluded, insignificant levels of perchlorate

Fugitive Dusts Construction/Utility Worker Adult Inhalation None Excluded, insignificant levels of perchlorate

Future Soil Surface/Subsurface Soil Surface/Subsurface Soil On-Site Resident Adult Ingestion None Excluded, insignificant levels of perchlorate

Surface/Subsurface Soil On-Site Resident Adult Dermal None Excluded, insignificant levels of perchlorate

Fugitive Dusts On-Site Resident Adult Inhalation None Excluded, insignificant levels of perchlorate

Future Soil Surface/Subsurface Soil Surface/Subsurface Soil On-Site Resident Young Child Ingestion None Excluded, insignificant levels of perchlorate

Surface/Subsurface Soil On-Site Resident Young Child Dermal None Excluded, insignificant levels of perchlorate

Fugitive Dusts On-Site Resident Young Child Inhalation None Excluded, insignificant levels of perchlorate

Current/Future Surface Water Surface Water Surface Water Trespasser Adolescent Incidental Ingestion None Excluded, insignificant levels of perchlorate

Surface Water Trespasser Adolescent Dermal None Excluded, insignificant levels of perchlorate

Current/Future Sediment Sediment Sediment Trespasser Adolescent Incidental Ingestion None Excluded, insignificant levels of perchlorate

Sediment Trespasser Adolescent Dermal None Excluded, insignificant levels of perchlorate

(a) Three residential groundwater exposure scenarios are evaluated, consisting of exposure to on-site groundwater, off-site groundwater or Farm Parcel groundwater

Selected, although unlikely due to future deed restriction 
precluding residential development

Selected, although unlikely due to future deed restriction 
precluding residential development

Excluded, groundwater not in use on site.  

Selected, although unlikely due to on-going groundwater 
remediation and the requirement to establish a CEA.
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TABLE 2.1

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Scenario Timeframe:  Current/Future
Medium:  Ground Water

Exposure Medium:  On-Site Ground Water

Exposure CAS Chemical    Minimum Maximum Units Location Detection Range of   Concentration Background Potential Potential COPC Rationale for

Point Number  Concentration Concentration  of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Selection or

 Qualifier Qualifier Concentration Limits Screening  (N/C) Value Source (Y/N) Deletion

Ground Water

Shallow 14797-73-0 Perchlorate (c) 2.10E-01 J 8.43E+01 ug/L K (10/2009) 19/35 3 84.3 1.4 n Y ASL
Intermediate 14797-73-0 Perchlorate (c) 9.30E-01 J 6.90E+00 ug/L IWC-4 (9/9/2004) 9/9 -- 6.9 1.4 n Y ASL
Deep 14797-73-0 Perchlorate (c) 2.20E+00 J 1.12E+01 ug/L IWC-5 (10/2009) 10/15 0.18~3 11.2 1.4 n Y ASL

Notes: (a) Maximum concentration used for screening
ug/L - micrograms per liter (b) EPA Regional Screening Levels  - Tapwater, May 2014 version; Selection Codes: Deletion Codes:
J - Estimated value. Noncarcinogenic compounds adjusted to an HQ= 0.1 Above Screening Levels (ASL) Below Screening Level (BSL)

n = noncancer
(c) as Perchlorate and perchlorate salts

Sheildalloy Metallurgical Corporation - OU3

Newfield, NJ

Screening 

Rationale Codes:
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TABLE 2.2

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Scenario Timeframe:  Current/Future
Medium:  Ground Water

Exposure Medium:  
Off-Site Ground 
Water

Exposure CAS Chemical    Minimum Maximum Units Location Detection Range of   Concentration Background Potential Potential COPC Rationale for

Point Number  Concentration Concentration  of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Selection or

 Qualifier Qualifier Concentration Limits Screening  (N/C) Value Source (Y/N) Deletion

Ground Water

Shallow 14797-73-0 Perchlorate (c) 1.10E+00 1.70E+00 ug/L SC10S (10/2009) 2/11 3~15 1.7 1.4 n Y ASL
Intermediate 14797-73-0 Perchlorate (c) 1.10E+00 J 1.96E+01 ug/L SC6S (9/9/2010) 6/8 3 19.6 1.4 n Y ASL
Deep 14797-73-0 Perchlorate (c) 1.90E+00 1.58E+02 ug/L SC34D (9/9/2010) 29/29 -- 158 1.4 n Y ASL

Notes: (a) Maximum concentration used for screening
ug/L - micrograms per liter (b) EPA Regional Screening Levels  - Tapwater, May 2014 version; Selection Codes: Deletion Codes:
J - Estimated value. Noncarcinogenic compounds adjusted to an HQ= 0.1 Above Screening Levels (ASL) Below Screening Level (BSL)

n = noncancer
(c) as Perchlorate and perchlorate salts

Sheildalloy Metallurgical Corporation - OU3

Newfield, NJ

Screening 

Rationale Codes:
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TABLE 2.3

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Scenario Timeframe:  Current/Future
Medium:  Ground Water

Exposure Medium:  
Farm Parcel Ground 
Water

Exposure CAS Chemical    Minimum Maximum Units Location Detection Range of   Concentration Background Potential Potential COPC Rationale for

Point Number  Concentration Concentration  of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Selection or

 Qualifier Qualifier Concentration Limits Screening  (N/C) Value Source (Y/N) Deletion

Ground Water

Shallow 14797-73-0 Perchlorate (c) 9.90E-01 J 1.46E+01 ug/L SC24S (10/2004) 8/8 -- 14.55 1.4 n Y ASL
Intermediate 14797-73-0 Perchlorate (c) 6.90E-01 J 2.09E+01 ug/L SC3S (2/2006) 9/9 -- 20.9 1.4 n Y ASL
Deep 14797-73-0 Perchlorate (c) 1.20E+00 J 1.43E+02 ug/L SC3D(R) (9/9/2010) 16/16 -- 143 1.4 n Y ASL

Notes: (a) Maximum concentration used for screening
ug/L - micrograms per liter (b) EPA Regional Screening Levels  - Tapwater, May 2014 version; Selection Codes: Deletion Codes:
J - Estimated value. Noncarcinogenic compounds adjusted to an HQ= 0.1 Above Screening Levels (ASL) Below Screening Level (BSL)

n = noncancer
(c) as Perchlorate and perchlorate salts

Sheildalloy Metallurgical Corporation - OU3

Newfield, NJ

Screening 

Rationale Codes:
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TABLE 2.4

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Scenario Timeframe:  Current/Future
Medium:  Soil
Exposure Medium:  Soil

Exposure CAS Chemical    Minimum Maximum Units Location Detection Range of   Concentration Background Potential Potential COPC Rationale for

Point Number  Concentration Concentration  of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Selection or

 Qualifier Qualifier Concentration Limits Screening  (N/C) Value Source (Y/N) Deletion

Soil

14797-73-0 Perchlorate (c) 2.00E-03 J 5.83E-02 mg/kg SS-05 (5-7') 20/64 0.0093 - 0.010 0.0583 5.5 n N BSL

Notes: (a) Maximum concentration used for screening
mg/kg - milligrams per kilogram (b) EPA Regional Screening Levels  - Residential Soils, November 2012 version; Selection Codes: Deletion Codes:
J - Estimated value. Noncarcinogenic compounds adjusted to an HQ= 0.1 Above Screening Levels (ASL) Below Screening Level (BSL)
ND- Not detected. n = noncancer

(c) as Perchlorate and perchlorate salts

Sheildalloy Metallurgical Corporation - OU3

Newfield, NJ

Screening 

Rationale Codes:
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TABLE 2.5

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Scenario Timeframe:  Current/Future
Medium:  Sediment
Exposure Medium:  Sediment

Exposure CAS Chemical    Minimum Maximum Units Location Detection Range of   Concentration Background Potential Potential COPC Rationale for

Point Number  Concentration Concentration  of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Selection or

 Qualifier Qualifier Concentration Limits Screening  (N/C) Value Source (Y/N) Deletion

Sediment

14797-73-0 Perchlorate (c) 1.09E-02 J 1.09E-02 J mg/kg SED-4 1/10 0.012 - 0.047 0.0109 5.5 n N BSL

Notes: (a) Maximum concentration used for screening
mg/kg - milligrams per kilogram (b) EPA Regional Screening Levels  - Residential Soils, May 2014 version; Selection Codes: Deletion Codes:
J - Estimated value. Noncarcinogenic compounds adjusted to an HQ= 0.1 Above Screening Levels (ASL) Below Screening Level (BSL)
ND- Not detected. n = noncancer

(c) as Perchlorate and perchlorate salts

Sheildalloy Metallurgical Corporation - OU3

Newfield, NJ

Screening 

Rationale Codes:
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TABLE 2.6

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Scenario Timeframe:  Current/Future
Medium:  Surface Water
Exposure Medium:  Surface Water

Exposure CAS Chemical    Minimum Maximum Units Location Detection Range of   Concentration Background Potential Potential COPC Rationale for

Point Number  Concentration Concentration  of Maximum Frequency Detection Used for Value Toxicity Value ARAR/TBC ARAR/TBC Flag Selection or

 Qualifier Qualifier Concentration Limits Screening  (N/C) Value Source (Y/N) Deletion

Surface Water

14797-73-0 Perchlorate (c) 1.80E+00 J 1.80E+00 J ug/L SW-1A 1/9 3 1.8 1.4 n Y ASL

Notes: (a) Maximum concentration used for screening
ug/L - micrograms per liter (b) EPA Regional Screening Levels  - Tapwater, May 2014 version; Selection Codes: Deletion Codes:
J - Estimated value. Noncarcinogenic compounds adjusted to an HQ= 0.1 Above Screening Levels (ASL) Below Screening Level (BSL)

n = noncancer
(c) as Perchlorate and perchlorate salts

Sheildalloy Metallurgical Corporation - OU3

Newfield, NJ

Screening 

Rationale Codes:
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Scenario Timeframe:  Current/Future
Medium:  Ground Water

Exposure Medium:  On-Site Ground Water

Exposure Point CAS # Chemical of Units Arithmetic Exposure Point Concentration
Potential Concern  Mean Value Units Statistic Rationale

Ground Water

Shallow 14797-73-0 Perchlorate ug/L 15.64 14.73 NP 84.3 14.73 ug/L 95% KM (BCA) UCL ProUCL
Intermediate 14797-73-0 Perchlorate ug/L 3.776 4.975 N 6.9 4.975 ug/L 95% Student's t-UCL ProUCL
Deep 14797-73-0 Perchlorate ug/L 7.95 8.307 NP 11.2 8.307 ug/L 95% KM (% Bootstrap) UCL ProUCL

ProUCL Version 4.1 used to calculate 95%UCL with nondetects (i.e., no surrogate value used for nondetects)
NP - Nonparametric
N - Normal
95% KM (BCA) UCL - UCL based upon Kaplan-Meier estimates using the bias corrected accelerated bootstrap method
95% KM (% Bootstrap) UCL - UCL based upon Kaplan-Meier estimates using the percentage bootstrap method
95% Student's t-UCL - UCL using the Student's t-distribution cutoff value

TABLE 3.1
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

(Distribution)
Concentration

Maximum

(Qualifier)
95%  UCL



Scenario Timeframe:  Current/Future
Medium:  Ground Water

Exposure Medium:  Off-Site Ground Water

Exposure Point CAS # Chemical of Units Arithmetic Exposure Point Concentration
Potential Concern  Mean Value Units Statistic Rationale

Ground Water

Shallow 14797-73-0 Perchlorate ug/L 1.4 1.944 NP 1.7 1.7 ug/L Maximum UCL> Maximum
Intermediate 14797-73-0 Perchlorate ug/L 8.268 11.19 NP 19.6 11.19 ug/L 95% KM (t) UCL ProUCL
Deep 14797-73-0 Perchlorate ug/L 20.87 52.67 NP 158 52.67 ug/L 95% Chebyshev (Mean, Sd) UCL ProUCL

ProUCL Version 4.1 used to calculate 95%UCL with nondetects (i.e., no surrogate value used for nondetects)
NP - Nonparametric
95% KM (t) UCL - UCL based upon Kaplan-Meier estimates using the Student’s t-distribution cutoff value
95% Chebyshev (Mean, Sd) UCL - UCL based upon Chebyshev inequality

TABLE 3.2
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

(Distribution)

Maximum
Concentration

(Qualifier)
95%  UCL



Scenario Timeframe:  Current/Future
Medium:  Ground Water

Exposure Medium:  
Farm Parcel Ground 
Water

Exposure Point CAS # Chemical of Units Arithmetic Exposure Point Concentration
Potential Concern  Mean Value Units Statistic Rationale

Ground Water

Shallow 14797-73-0 Perchlorate ug/L 5.205 8.296 N 14.55 8.296 ug/L 95% Student's t-UCL ProUCL
Intermediate 14797-73-0 Perchlorate ug/L 7.466 11.76 N 20.9 11.76 ug/L 95% Student's t-UCL ProUCL
Deep 14797-73-0 Perchlorate ug/L 40.99 75.59 G 143 75.59 ug/L 95% Approximate Gamma UCL ProUCL

ProUCL Version 4.1 used to calculate 95%UCL with nondetects (i.e., no surrogate value used for nondetects)
N - Normal
G - Gamma
95% Student's t-UCL - UCL using the Student's t-distribution cutoff value
95% Approximate Gamma UCL - UCL based upon an approximate gamma distribution

95%  UCL Concentration
(Distribution) (Qualifier)

TABLE 3.3
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Maximum



Table 4.1 RME

Values Used For Daily Intake Calculations

Shieldalloy Metallurgical Corporation - Newfield, NJ

Scenario Timeframe:  Future

Medium:   Groundwater

Exposure Medium: Groundwater

     

Receptor Population Exposure Route Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

On-Site Future Construction/ Dermal Adult Shallow Groundwater DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

Utility Worker EPC Water Exposure Point Concentration -- mg/m3 See Table 3.1

EV Event Frequency 1 event/day BPJ where:

EF Exposure Frequency 250 days/year USEPA 1991 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 4 hour/event BPJ, trenching activites

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 1 years USEPA 2002

SA
Skin Surface Area available for 
contact 5672 cm2

Mean adult skin surface area for the 
hands, forearms, lower legs and feet, 
USEPA 2004

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 365 days USEPA 1989

On-Site Future Commerical/ Ingestion Adult Groundwater at the tap EPC Water Exposure Point Concentration -- mg/L See Table 3.1
Chronic Daily Intake (CDI) = [EPC x IR x EF x 
ED]/[BW x AT] (USEPA 1989)

Industrial Worker (shallow, intermediate and IR Water Ingestion Rate 2.3 L/day USEPA 1997

deep groundwater) EF Exposure Frequency 250 days/year USEPA 1991

ED Exposure Duration 25 years USEPA 1989

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 9125 days USEPA 1989

Dermal Adult Groundwater at the tap DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

(shallow, intermediate and EPC Water Exposure Point Concentration -- mg/m3 See Table 4.1A Supplemental

deep groundwater) EV Event Frequency 4 event/day BPJ (4 handwashing events/day) where:

EF Exposure Frequency 250 days/year USEPA 1990 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 0.03 hour/event BPJ (2 minutes/handwashing event)

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 25 years USEPA 1989

SA
Skin Surface Area available for 
contact 2479 cm2

Hands, forearms and face for adults, 
USEPA 2004

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 9125 days USEPA 1989
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Table 4.1 RME

Values Used For Daily Intake Calculations

Shieldalloy Metallurgical Corporation - Newfield, NJ

Scenario Timeframe:  Future

Medium:   Groundwater

Exposure Medium: Groundwater

     

Receptor Population Exposure Route Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Future Resident Ingestion Adult Groundwater at the tap EPC Water Exposure Point Concentration -- mg/L See Tables 3.1, 3.2 and 3.3
Chronic Daily Intake (CDI) = [EPC x IR x EF x 
ED]/[BW x AT] (USEPA 1989)

(On-Site, Off-Site, Farm (shallow, intermediate and IR Water Ingestion Rate 2.3 L/day USEPA 1997

Parcel) deep groundwater) EF Exposure Frequency 350 days/year USEPA 1991

ED Exposure Duration 24 years USEPA 1989

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 8760 days USEPA 1989

Dermal Adult Groundwater at the tap DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

(shallow, intermediate and EPC Water Exposure Point Concentration -- mg/m3 See Tables 4.1A, B, C Supplemental

deep groundwater) EV Event Frequency 1 event/day USEPA 2004 where:

EF Exposure Frequency 350 days/year USEPA 1991 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 0.58 hour/event USEPA 2004 (adult showering default)

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 24 years USEPA 1989

SA
Skin Surface Area available for 
contact 18150 cm2

Whole body surface area for adults, 
USEPA 2004

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 8760 days USEPA 1989

Future Resident Ingestion Child Groundwater at the tap EPC Water Exposure Point Concentration -- mg/L See Tables 3.1, 3.2 and 3.3
Chronic Daily Intake (CDI) = [EPC x IR x EF x 
ED]/[BW x AT] (USEPA 1989)

(On-Site, Off-Site, Farm (shallow, intermediate and IR Water Ingestion Rate 1 L/day USEPA 1997

Parcel) deep groundwater) EF Exposure Frequency 350 days/year USEPA 1991

ED Exposure Duration 6 years USEPA 1989

BW Body Weight 15 kg USEPA 1997

ATnc Averaging Time - non-cancer 2190 days USEPA 1989

Dermal Child Groundwater at the tap DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

(shallow, intermediate and EPC Water Exposure Point Concentration -- mg/m3 See Tables 4.1A, B, C Supplemental

deep groundwater) EV Event Frequency 1 event/day BPJ where:

EF Exposure Frequency 350 days/year USEPA 1991 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 1 hour/event USEPA 2004 (child bathing default)

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 6 years USEPA 1989

SA
Skin Surface Area available for 
contact 6600 cm2

Whole body surface area for children 0-
6 yrs old, USEPA 2004

BW Body Weight 15 kg USEPA 1997

ATnc Averaging Time - non-cancer 2190 days USEPA 1989
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Absorbed Dose Kp Cw
Absorbed Dose Absorbed Dose Absorbed Dose Per Event Dermal Chemical Concentration

Constituent Per Event Per Event Per Event (mg/cm2-event) Permeability in Groundwater (a)
(mg/cm2-event) (mg/cm2-event) (mg/cm2-event) Industrial Commercial Coefficient Utility/Construction Worker 
Adult Resident Child Resident Utility/Construction Worker  Worker (cm/hr) Shallow Intermediate Deep Shallow

(mg/cm3) (mg/cm3) (mg/cm3) (mg/cm3)

Perchlorate - shallow aquifer 8.5E-09 1.5E-08 5.9E-08 4.4E-10 1.00E-03 1.47E-05 1.47E-05

Perchlorate - intermediate aquifer 2.9E-09 5.0E-09 1.5E-10 1.00E-03 4.98E-06

Perchlorate - deep aquifer 4.8E-09 8.3E-09 2.5E-10 1.00E-03 8.31E-06

a. Table 3.1  x 1E-06

Inorganics:

Daevent = Kp x Cw x tevent

tevent - groundwater

Adult Resident 0.58 hr (35 minutes)

Child Resident 1 hr

Utility/Construction Worker 4 hr 

Industrial Commercial Worker 0.03 hr (2 minutes)

On-Site Resident, Commercial/Industrial Worker

Cw
Chemical 

Concentration in Groundwater (a)

Table 4.1 Supplemental A
DAevent Model

Dermal Exposure - On-Site Groundwater



Kp
Absorbed Dose Absorbed Dose Dermal 

Constituent Per Event Per Event Permeability 
(mg/cm2-event) (mg/cm2-event) Coefficient
Adult Resident Child Resident (cm/hr) Shallow Intermediate Deep

(mg/cm3) (mg/cm3) (mg/cm3)

Perchlorate - shallow aquifer 9.9E-10 1.7E-09 1.00E-03 1.70E-06

Perchlorate - intermediate aquifer 6.5E-09 1.1E-08 1.00E-03 1.12E-05

Perchlorate - deep aquifer 3.1E-08 5.3E-08 1.00E-03 5.27E-05

a. Table 3.2 x 1E-06

Inorganics:

Daevent = Kp x Cw x tevent

tevent - groundwater

Adult Resident 0.58 hr (35 minutes)

Child Resident 1 hr

Table 4.1 Supplemental B
DAevent Model

Incidental Dermal Exposure - Off-Site Groundwater

Resident

Cw
Chemical Concentration

in Groundwater (a)



Kp
Absorbed Dose Absorbed Dose Dermal 

Constituent Per Event Per Event Permeability 
(mg/cm2-event) (mg/cm2-event) Coefficient
Adult Resident Child Resident (cm/hr) Shallow Intermediate Deep

(mg/cm3) (mg/cm3) (mg/cm3)

Perchlorate - shallow aquifer 4.8E-09 8.3E-09 1.00E-03 8.30E-06

Perchlorate - intermediate aquifer 6.8E-09 1.2E-08 1.00E-03 1.18E-05

Perchlorate - deep aquifer 4.4E-08 7.6E-08 1.00E-03 7.56E-05

a. Table 3.3  x 1E-06

Inorganics:

Daevent = Kp x Cw x tevent

tevent - groundwater

Adult Resident 0.58 hr (35 minutes)

Child Resident 1 hr

Table 4.1 Supplemental C
DAevent Model

Dermal Exposure - Farm Parcel Groundwater

Resident

Cw
Chemical Concentration

in Groundwater (a)
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TABLE 5.1

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

Shieldalloy Metallurgical Corporation

Newfield, New Jersey

Chemical Chronic/ Oral RfD Primary Combined RfD:Target Organ(s)
of  Potential Subchronic Target Uncertainty/

Concern Value Units Value Units Organ(s) Modifying Factors Source(s) (4) Date(s)

(1) (3)

Perchlorate Chronic 7.0E-04 mg/kg-d 100% 7.0E-04 mg/kg-d Thyroid 10 IRIS 04/13

NA = Not Available (4) Sources:

(1)  USEPA RSLs -11/2013 IRIS - Integrated Risk Information System database, USEPA 2013

(2) Only derived for those COPCs evaluated in a dermal pathway (a) as Perchlorate and perchlorate salts

(3) Derivation of Absorbed RfD for Dermal

IF GAF > 50%, Then Dermal Reference Dose = Oral Reference Dose 

IF GAF < 50%, Then Dermal Reference Dose = Oral Reference Dose x GAF

GI Absorption

Efficiency for

Dermal (GAF)

Absorbed RfD for 

Dermal (2)
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TABLE 6.1

CANCER TOXICITY DATA -- ORAL/DERMAL

Shieldalloy Metallurgical Corporation

Newfield, New Jersey

Chemical Oral Cancer Slope Factor GI Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF
of Potential  Efficiency for Dermal for Dermal (2) Cancer Guideline  

Concern
Value Units Value Units Description (4) Source(s) (5) Date(s)

(1) (3)

Perchlorate NA NA Not likely to be carcinogenic to humans NA IRIS/USEPA RSLs 04/13

NA = Not Available (5) Sources:

(1)  USEPA RSLs -11/2013 IRIS - Integrated Risk Information System database, USEPA 2013

(2) Only derived for those COPCs evaluated in a dermal pathway

(3) Derivation of Absorbed RfD for Dermal: (a) as Perchlorate and perchlorate salts

IF GAF > 50%, Then Dermal Slope Factor = Oral Slope Factor

IF GAF < 50%, Then Dermal Slope Factor = Oral Slope Factor /GAF

(4) Weight of Evidence Categories

for Dermal (GAF)



Scenario Timeframe:  Future
Receptor Population:  Construction/Utility Worker
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Groundwater Dermal Contact Perchlorate 1.5E-02 mg/L 2.0E-08 mg/kg-day NA NA 1.4E-06 mg/kg-day 7.E-04 mg/kg-d 2.0E-03

Shallow Aquifer Exp. Route Total NA 2.0E-03

Exposure Point Total NA 2.0E-03

Exposure Medium Total NA 2.0E-03

Medium Total NA 2.0E-03

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  2.0E-03
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.1.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Commerical/Industrial Worker
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Tapwater Ingestion Perchlorate 1.5E-02 mg/L 1.2E-04 mg/kg-day NA NA 3.3E-04 mg/kg-day 7.E-04 mg/kg-d 4.7E-01
Shallow Aquifer Exp. Route Total NA 4.7.E-01

Dermal Contact Perchlorate 1.5E-02 mg/L 1.5E-08 mg/kg-day NA NA 4.3E-08 mg/kg-day 7.E-04 mg/kg-d 6.1E-05

Exp. Route Total NA 6.1E-05

Exposure Point Total NA 4.7E-01

Exposure Medium Total NA 4.7E-01

Medium Total NA 4.7E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  4.7E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.2a.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE
Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Commerical/Industrial Worker
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site  Tapwater Ingestion Perchlorate 5.0E-03 mg/L 4.0E-05 mg/kg-day NA NA 1.1E-04 mg/kg-day 7.E-04 mg/kg-d 1.6E-01
Intermediate Aquifer Exp. Route Total NA 1.6.E-01

Dermal Contact Perchlorate 5.0E-03 mg/L 5.2E-09 mg/kg-day NA NA 1.4E-08 mg/kg-day 7.E-04 mg/kg-d 2.1E-05

Exp. Route Total NA 2.1E-05

Exposure Point Total NA 1.6E-01

Exposure Medium Total NA 1.6E-01

Medium Total NA 1.6E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  1.6E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.2b.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE
Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Commerical/Industrial Worker
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Tapwater Ingestion Perchlorate 8.3E-03 mg/L 6.7E-05 mg/kg-day NA NA 1.9E-04 mg/kg-day 7.E-04 mg/kg-d 2.7E-01

Deep Aquifer Exp. Route Total NA 2.7.E-01

Dermal Contact Perchlorate 8.3E-03 mg/L 8.6E-09 mg/kg-day NA NA 2.4E-08 mg/kg-day 7.E-04 mg/kg-d 3.5E-05

Exp. Route Total NA 3.5E-05

Exposure Point Total NA 2.7E-01

Exposure Medium Total NA 2.7E-01

Medium Total NA 2.7E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  2.7E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.2c.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Tapwater Ingestion Perchlorate 1.5E-02 mg/L 1.6E-04 mg/kg-day NA NA 4.6E-04 mg/kg-day 7.E-04 mg/kg-d 6.6E-01
Shallow Aquifer Exp. Route Total NA 6.6.E-01

Dermal Contact Perchlorate 1.5E-02 mg/L 7.3E-07 mg/kg-day NA NA 2.1E-06 mg/kg-day 7.E-04 mg/kg-d 3.0E-03

Exp. Route Total NA 3.0E-03

Exposure Point Total NA 6.7E-01

Exposure Medium Total NA 6.7E-01

Medium Total NA 6.7E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  6.7E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.1a.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site  Tapwater Ingestion Perchlorate 5.0E-03 mg/L 5.4E-05 mg/kg-day NA NA 1.6E-04 mg/kg-day 7.E-04 mg/kg-d 2.2E-01
Intermediate Aquifer Exp. Route Total NA 2.2.E-01

Dermal Contact Perchlorate 5.0E-03 mg/L 2.5E-07 mg/kg-day NA NA 7.2E-07 mg/kg-day 7.E-04 mg/kg-d 1.0E-03

Exp. Route Total NA 1.0E-03

Exposure Point Total NA 2.2E-01

Exposure Medium Total NA 2.2E-01

Medium Total NA 2.2E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  2.2E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.1b.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Tapwater Ingestion Perchlorate 8.3E-03 mg/L 9.0E-05 mg/kg-day NA NA 2.6E-04 mg/kg-day 7.E-04 mg/kg-d 3.7E-01
Deep Aquifer Exp. Route Total NA 3.7.E-01

Dermal Contact Perchlorate 8.3E-03 mg/L 4.1E-07 mg/kg-day NA NA 1.2E-06 mg/kg-day 7.E-04 mg/kg-d 1.7E-03

Exp. Route Total NA 1.7E-03

Exposure Point Total NA 3.8E-01

Exposure Medium Total NA 3.8E-01

Medium Total NA 3.8E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  3.8E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.1c.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Tapwater Ingestion Perchlorate 1.5E-02 mg/L 8.1E-05 mg/kg-day NA NA 9.4E-04 mg/kg-day 7.E-04 mg/kg-d 1.3E+00
Shallow Aquifer Exp. Route Total NA 1.3.E+00

Dermal Contact Perchlorate 1.5E-02 mg/L 5.3E-07 mg/kg-day NA NA 6.2E-06 mg/kg-day 7.E-04 mg/kg-d 8.9E-03

Exp. Route Total NA 8.9E-03

Exposure Point Total NA 1.4E+00
Exposure Medium Total NA 1.4E+00

Medium Total NA 1.4E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  1.4E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.2a.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern

Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient
Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Tapwater Ingestion Perchlorate 5.0E-03 mg/L 2.7E-05 mg/kg-day NA NA 3.2E-04 mg/kg-day 7.E-04 mg/kg-d 4.5E-01
Intermediate Aquifer Exp. Route Total NA 4.5.E-01

Dermal Contact Perchlorate 5.0E-03 mg/L 1.8E-07 mg/kg-day NA NA 2.1E-06 mg/kg-day 7.E-04 mg/kg-d 3.0E-03

Exp. Route Total NA 3.0E-03

Exposure Point Total NA 4.6E-01

Exposure Medium Total NA 4.6E-01

Medium Total NA 4.6E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  4.6E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.2b.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration

Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site  Tapwater Ingestion Perchlorate 8.3E-03 mg/L 4.6E-05 mg/kg-day NA NA 5.3E-04 mg/kg-day 7.E-04 mg/kg-d 7.6E-01
Deep Aquifer Exp. Route Total NA 7.6.E-01

Dermal Contact Perchlorate 8.3E-03 mg/L 3.0E-07 mg/kg-day NA NA 3.5E-06 mg/kg-day 7.E-04 mg/kg-d 5.0E-03

Exp. Route Total NA 5.0E-03

Exposure Point Total NA 7.6E-01

Exposure Medium Total NA 7.6E-01

Medium Total NA 7.6E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  7.6E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.2c.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater -  Off-Site Tapwater Ingestion Perchlorate 1.7E-03 mg/L 1.8E-05 mg/kg-day NA NA 5.4E-05 mg/kg-day 7.E-04 mg/kg-d 7.7E-02
Shallow Aquifer Exp. Route Total NA 7.7.E-02

Dermal Contact Perchlorate 1.7E-03 mg/L 8.4E-08 mg/kg-day NA NA 2.5E-07 mg/kg-day 7.E-04 mg/kg-d 3.5E-04

Exp. Route Total NA 3.5E-04

Exposure Point Total NA 7.7E-02

Exposure Medium Total NA 7.7E-02

Medium Total NA 7.7E-02

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  7.7E-02
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.1a.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Off-Site Tapwater Ingestion Perchlorate 1.1E-02 mg/L 1.2E-04 mg/kg-day NA NA 3.5E-04 mg/kg-day 7.E-04 mg/kg-d 5.0E-01
Intermediate Aquifer Exp. Route Total NA 5.0.E-01

Dermal Contact Perchlorate 1.1E-02 mg/L 5.5E-07 mg/kg-day NA NA 1.6E-06 mg/kg-day 7.E-04 mg/kg-d 2.3E-03

Exp. Route Total NA 2.3E-03

Exposure Point Total NA 5.1E-01

Exposure Medium Total NA 5.1E-01

Medium Total NA 5.1E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  5.1E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.1b.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Off-Site Tapwater Ingestion Perchlorate 5.3E-02 mg/L 5.7E-04 mg/kg-day NA NA 1.7E-03 mg/kg-day 7.E-04 mg/kg-d 2.4E+00
Deep Aquifer Exp. Route Total NA 2.4.E+00

Dermal Contact Perchlorate 5.3E-02 mg/L 3.7E-06 mg/kg-day NA NA 1.1E-05 mg/kg-day 7.E-04 mg/kg-d 1.6E-02

Exp. Route Total NA 1.6E-02

Exposure Point Total NA 2.4E+00
Exposure Medium Total NA 2.4E+00

Medium Total NA 2.4E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  2.4E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.1c.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater -  Off-site Tapwater Ingestion Perchlorate 1.7E-03 mg/L 9.3E-06 mg/kg-day NA NA 1.1E-04 mg/kg-day 7.E-04 mg/kg-d 1.6E-01
Shallow Aquifer Exp. Route Total NA 1.6.E-01

Dermal Contact Perchlorate 1.7E-03 mg/L 6.1E-08 mg/kg-day NA NA 7.2E-07 mg/kg-day 7.E-04 mg/kg-d 1.0E-03

Exp. Route Total NA 1.0E-03

Exposure Point Total NA 1.6E-01

Exposure Medium Total NA 1.6E-01

Medium Total NA 1.6E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  1.6E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.2a.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Off-Site Tapwater Ingestion Perchlorate 1.1E-02 mg/L 6.1E-05 mg/kg-day NA NA 7.2E-04 mg/kg-day 7.E-04 mg/kg-d 1.0E+00
Intermediate Aquifer Exp. Route Total NA 1.0.E+00

Dermal Contact Perchlorate 1.1E-02 mg/L 4.0E-07 mg/kg-day NA NA 4.7E-06 mg/kg-day 7.E-04 mg/kg-d 6.7E-03

Exp. Route Total NA 6.7E-03

Exposure Point Total NA 1.0E+00

Exposure Medium Total NA 1.0E+00

Medium Total NA 1.0E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  1.0E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.2b.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Off-Site Tapwater Ingestion Perchlorate 5.3E-02 mg/L 2.9E-04 mg/kg-day NA NA 3.4E-03 mg/kg-day 7.E-04 mg/kg-d 4.8E+00
Deep Aquifer Exp. Route Total NA 4.8.E+00

Dermal Contact Perchlorate 5.3E-02 mg/L 1.9E-06 mg/kg-day NA NA 2.2E-05 mg/kg-day 7.E-04 mg/kg-d 3.2E-02

Exp. Route Total NA 3.2E-02

Exposure Point Total NA 4.8E+00
Exposure Medium Total NA 4.8E+00

Medium Total NA 4.8E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  4.8E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.2c.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 8.3E-03 mg/L 9.0E-05 mg/kg-day NA NA 2.6E-04 mg/kg-day 7.E-04 mg/kg-d 3.7E-01
Shallow Aquifer Exp. Route Total NA 3.7.E-01

Dermal Contact Perchlorate 8.3E-03 mg/L 4.1E-07 mg/kg-day NA NA 1.2E-06 mg/kg-day 7.E-04 mg/kg-d 1.7E-03

Exp. Route Total NA 1.7E-03

Exposure Point Total NA 3.8E-01

Exposure Medium Total NA 3.8E-01

Medium Total NA 3.8E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  3.8E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.1a.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 1.2E-02 mg/L 1.3E-04 mg/kg-day NA NA 3.7E-04 mg/kg-day 7.E-04 mg/kg-d 5.3E-01
Intermediate Aquifer Exp. Route Total NA 5.3.E-01

Dermal Contact Perchlorate 1.2E-02 mg/L 5.5E-07 mg/kg-day NA NA 1.6E-06 mg/kg-day 7.E-04 mg/kg-d 2.3E-03

Exp. Route Total NA 2.3E-03

Exposure Point Total NA 5.3E-01

Exposure Medium Total NA 5.3E-01

Medium Total NA 5.3E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  5.3E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.1b.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 7.6E-02 mg/L 8.2E-04 mg/kg-day NA NA 2.4E-03 mg/kg-day 7.E-04 mg/kg-d 3.4E+00
Deep Aquifer Exp. Route Total NA 3.4.E+00

Dermal Contact Perchlorate 7.6E-02 mg/L 3.7E-06 mg/kg-day NA NA 1.1E-05 mg/kg-day 7.E-04 mg/kg-d 1.6E-02

Exp. Route Total NA 1.6E-02

Exposure Point Total NA 3.4E+00
Exposure Medium Total NA 3.4E+00

Medium Total NA 3.4E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  3.4E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.1c.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 8.3E-03 mg/L 4.5E-05 mg/kg-day NA NA 5.3E-04 mg/kg-day 7.E-04 mg/kg-d 7.6E-01
Shallow Aquifer Exp. Route Total NA 7.6.E-01

Dermal Contact Perchlorate 8.3E-03 mg/L 3.0E-07 mg/kg-day NA NA 3.5E-06 mg/kg-day 7.E-04 mg/kg-d 5.0E-03

Exp. Route Total NA 5.0E-03

Exposure Point Total NA 7.6E-01

Exposure Medium Total NA 7.6E-01

Medium Total NA 7.6E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  7.6E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.2a.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 1.2E-02 mg/L 6.4E-05 mg/kg-day NA NA 7.5E-04 mg/kg-day 7.E-04 mg/kg-d 1.1E+00
Intermediate Aquifer Exp. Route Total NA 1.1.E+00

Dermal Contact Perchlorate 1.2E-02 mg/L 4.3E-07 mg/kg-day NA NA 5.0E-06 mg/kg-day 7.E-04 mg/kg-d 7.1E-03

Exp. Route Total NA 7.1E-03

Exposure Point Total NA 1.1E+00
Exposure Medium Total NA 1.1E+00

Medium Total NA 1.1E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  1.1E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.2b.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern

Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient
Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 7.6E-02 mg/L 4.1E-04 mg/kg-day NA NA 4.8E-03 mg/kg-day 7.E-04 mg/kg-d 6.9E+00
Deep Aquifer Exp. Route Total NA 6.9.E+00

Dermal Contact Perchlorate 7.6E-02 mg/L 2.7E-06 mg/kg-day NA NA 3.2E-05 mg/kg-day 7.E-04 mg/kg-d 4.6E-02

Exp. Route Total NA 4.6E-02

Exposure Point Total NA 6.9E+00

Exposure Medium Total NA 6.9E+00
Medium Total NA 6.9E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  6.9E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.2c.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration

Cancer Risk Calculations



TABLE 9.1.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Construction/Utility Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Groundwater Perchlorate NA NA Thyroid 2.0E-03 2.0E-03

Shallow Aquifer Chemical Total NA 2.0E-03

Exposure Point Total NA 2.0E-03

Exposure Medium Total NA 2.0E-03

Medium Total NA 2.0E-03

Receptor Total Receptor Risk Total  NA Receptor HI Total  2.0E-03

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.2a.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Commerical/Industrial Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 4.7E-01 6.1E-05 4.7E-01

Shallow Aquifer Chemical Total NA 4.7E-01

Exposure Point Total NA 4.7E-01

Exposure Medium Total NA 4.7E-01

Medium Total NA 4.7E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  4.7E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.2b.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Commerical/Industrial Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 1.6E-01 2.1E-05 1.6E-01

Intermediate Aquifer Chemical Total NA 1.6E-01

Exposure Point Total NA 1.6E-01

Exposure Medium Total NA 1.6E-01

Medium Total NA 1.6E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  1.6E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.2c.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Commerical/Industrial Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 2.7E-01 3.5E-05 2.7E-01

Deep Aquifer Chemical Total NA 2.7E-01

Exposure Point Total NA 2.7E-01

Exposure Medium Total NA 2.7E-01

Medium Total NA 2.7E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  2.7E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.3.1a.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 6.6E-01 3.0E-03 6.7E-01

Shallow Aquifer Chemical Total NA 6.7E-01

Exposure Point Total NA 6.7E-01

Exposure Medium Total NA 6.7E-01

Medium Total NA 6.7E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  6.7E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.3.1b.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 2.2E-01 1.0E-03 2.2E-01

Intermediate Aquifer Chemical Total NA 2.2E-01

Exposure Point Total NA 2.2E-01

Exposure Medium Total NA 2.2E-01

Medium Total NA 2.2E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  2.2E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.3.1c.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 3.7E-01 1.7E-03 3.8E-01

Deep Aquifer Chemical Total NA 3.8E-01

Exposure Point Total NA 3.8E-01

Exposure Medium Total NA 3.8E-01

Medium Total NA 3.8E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  3.8E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.3.2a.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 1.3E+00 8.9E-03 1.4E+00

Shallow Aquifer Chemical Total NA 1.4E+00

Exposure Point Total NA 1.4E+00

Exposure Medium Total NA 1.4E+00

Medium Total NA 1.4E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  1.4E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.3.2b.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 4.5E-01 3.0E-03 4.6E-01

Intermediate Aquifer Chemical Total NA 4.6E-01

Exposure Point Total NA 4.6E-01

Exposure Medium Total NA 4.6E-01

Medium Total NA 4.6E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  4.6E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.3.2c.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 7.6E-01 5.0E-03 7.6E-01

Deep Aquifer Chemical Total NA 7.6E-01

Exposure Point Total NA 7.6E-01

Exposure Medium Total NA 7.6E-01

Medium Total NA 7.6E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  7.6E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.1a.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 7.7E-02 3.5E-04 7.7E-02

Shallow Aquifer Chemical Total NA 7.7E-02

Exposure Point Total NA 7.7E-02

Exposure Medium Total NA 7.7E-02

Medium Total NA 7.7E-02

Receptor Total Receptor Risk Total  NA Receptor HI Total  7.7E-02

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.1b.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 5.0E-01 2.3E-03 5.1E-01

Intermediate Aquifer Chemical Total NA 5.1E-01

Exposure Point Total NA 5.1E-01

Exposure Medium Total NA 5.1E-01

Medium Total NA 5.1E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  5.1E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.1c.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 2.4E+00 1.6E-02 2.4E+00

Deep Aquifer Chemical Total NA 2.4E+00

Exposure Point Total NA 2.4E+00

Exposure Medium Total NA 2.4E+00

Medium Total NA 2.4E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  2.4E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.2a.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 1.6E-01 1.0E-03 1.6E-01

Shallow Aquifer Chemical Total NA 1.6E-01

Exposure Point Total NA 1.6E-01

Exposure Medium Total NA 1.6E-01

Medium Total NA 1.6E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  1.6E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.2b.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 1.0E+00 6.7E-03 1.0E+00

Intermediate Aquifer Chemical Total NA 1.0E+00

Exposure Point Total NA 1.0E+00

Exposure Medium Total NA 1.0E+00

Medium Total NA 1.0E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  1.0E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.2c.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 4.8E+00 3.2E-02 4.8E+00

Deep Aquifer Chemical Total NA 4.8E+00

Exposure Point Total NA 4.8E+00

Exposure Medium Total NA 4.8E+00

Medium Total NA 4.8E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  4.8E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.1a.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 3.7E-01 1.7E-03 3.8E-01

Shallow Aquifer Chemical Total NA 3.8E-01

Exposure Point Total NA 3.8E-01

Exposure Medium Total NA 3.8E-01

Medium Total NA 3.8E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  3.8E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.1b.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 5.3E-01 2.3E-03 5.3E-01

Intermediate Aquifer Chemical Total NA 5.3E-01

Exposure Point Total NA 5.3E-01

Exposure Medium Total NA 5.3E-01

Medium Total NA 5.3E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  5.3E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.1c.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 3.4E+00 1.6E-02 3.4E+00

Deep Aquifer Chemical Total NA 3.4E+00

Exposure Point Total NA 3.4E+00

Exposure Medium Total NA 3.4E+00

Medium Total NA 3.4E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  3.4E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.2a.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 7.6E-01 5.0E-03 7.6E-01

Shallow Aquifer Chemical Total NA 7.6E-01

Exposure Point Total NA 7.6E-01

Exposure Medium Total NA 7.6E-01

Medium Total NA 7.6E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  7.6E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.2b.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 1.1E+00 7.1E-03 1.1E+00

Intermediate Aquifer Chemical Total NA 1.1E+00

Exposure Point Total NA 1.1E+00

Exposure Medium Total NA 1.1E+00

Medium Total NA 1.1E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  1.1E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.2c.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 6.9E+00 4.6E-02 6.9E+00

Deep Aquifer Chemical Total NA 6.9E+00

Exposure Point Total NA 6.9E+00

Exposure Medium Total NA 6.9E+00

Medium Total NA 6.9E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  6.9E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 10.3.2a.RME
RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future
Receptor Population:  Resident
Receptor Age:  Child

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total
Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 1.3E+00 8.9E-03 1.4E+00

Shallow Aquifer Chemical Total NA 1.4E+00
Exposure Point Total NA 1.4E+00

Exposure Medium Total NA 1.4E+00
Soil Total NA 1.4E+00
Receptor Total Receptor Risk Total  NA Receptor HI Total  1.4E+00

Bold = Cancer Risk >1E-06 or Non-cancer HI >1E+00

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey



TABLE 10.4.1c.RME
RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future
Receptor Population:  Resident
Receptor Age:  Adult

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total
Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 2.4E+00 1.6E-02 2.4E+00

Deep Aquifer Chemical Total NA 2.4E+00
Exposure Point Total NA 2.4E+00

Exposure Medium Total NA 2.4E+00
Soil Total NA 2.4E+00
Receptor Total Receptor Risk Total  NA Receptor HI Total  2.4E+00

Bold = Cancer Risk >1E-06 or Non-cancer HI >1E+00

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey



TABLE 10.4.2c.RME
RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future
Receptor Population:  Resident
Receptor Age:  Child

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total
Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 4.8E+00 3.2E-02 4.8E+00

Deep Aquifer Chemical Total NA 4.8E+00
Exposure Point Total NA 4.8E+00

Exposure Medium Total NA 4.8E+00
Soil Total NA 4.8E+00
Receptor Total Receptor Risk Total  NA Receptor HI Total  4.8E+00

Bold = Cancer Risk >1E-06 or Non-cancer HI >1E+00

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey



TABLE 10.5.1c.RME
RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future
Receptor Population:  Resident
Receptor Age:  Adult

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total
Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 3.4E+00 1.6E-02 3.4E+00

Deep Aquifer Chemical Total NA 3.4E+00
Exposure Point Total NA 3.4E+00

Exposure Medium Total NA 3.4E+00
Soil Total NA 3.4E+00
Receptor Total Receptor Risk Total  NA Receptor HI Total  3.4E+00

Bold = Cancer Risk >1E-06 or Non-cancer HI >1E+00

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey



TABLE 10.5.2b.RME
RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future
Receptor Population:  Resident
Receptor Age:  Child

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total
Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 1.1E+00 7.1E-03 1.1E+00

Intermediate Aquifer Chemical Total NA 1.1E+00
Exposure Point Total NA 1.1E+00

Exposure Medium Total NA 1.1E+00
Soil Total NA 1.1E+00
Receptor Total Receptor Risk Total  NA Receptor HI Total  1.1E+00

Bold = Cancer Risk >1E-06 or Non-cancer HI >1E+00

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey



TABLE 10.5.2c.RME
RISK SUMMARY

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe:   Future
Receptor Population:  Resident
Receptor Age:  Child

 
Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential
Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total
Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 6.9E+00 4.6E-02 6.9E+00

Deep Aquifer Chemical Total NA 6.9E+00
Exposure Point Total NA 6.9E+00

Exposure Medium Total NA 6.9E+00
Soil Total NA 6.9E+00
Receptor Total Receptor Risk Total  NA Receptor HI Total  6.9E+00

Bold = Cancer Risk >1E-06 or Non-cancer HI >1E+00

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey



Table 12

Comparison of Values Used For Daily Intake Calculations with 2014 EFH Values

Shieldalloy Metallurgical Corporation - Newfield, NJ

Scenario Timeframe:  Future

Medium:   Groundwater

Exposure Medium: Groundwater

     

Receptor Population Exposure Route Receptor Age Exposure Point Parameter Parameter Definition Value 2014 EFH Units
Code Values Change (Source) Change in Hazard Quotient

On-Site Future Construction/ Dermal Adult Shallow Groundwater DAevent Absorbed Dose per Event Calculated Calculated mg/cm2-event --

Utility Worker EPC Water Exposure Point Concentration -- -- mg/m3 --

EV Event Frequency 1 1 event/day --

EF Exposure Frequency 250 225 days/year 10% decrease (OSWER 9200.1-120) 4.7E-03 to 4.4E-03 - 5% decrease

tevent Event Duration 4 4 hour/event --

Kp Permeability coefficient Chemical Specific Chemical Specific cm/hr --

ED Exposure Duration 1 1 years --

SA
Skin Surface Area available for 
contact 5672 5956 cm2 5% increase (OSWER 9200.1-120 a)

BW Body Weight 70 80 kg 14% increase (OSWER 9200.1-120)

ATnc Averaging Time - non-cancer 365 365 days --

On-Site Future Commerical/ Ingestion Adult Groundwater at the tap EPC Water Exposure Point Concentration -- -- mg/L --

Industrial Worker (shallow, intermediate and IR Water Ingestion Rate 2.3 2.5 L/day 9% increase (OSWER 9200.1-120)

deep groundwater) EF Exposure Frequency 250 250 days/year --

ED Exposure Duration 25 25 years --

BW Body Weight 70 80 kg 14% increase (OSWER 9200.1-120)

ATnc Averaging Time - non-cancer 9125 9125 days --

Dermal Adult Groundwater at the tap DAevent Absorbed Dose per Event Calculated Calculated mg/cm2-event -- S - 4.7E-01 to 4.5E-01 - 5% decrease

(shallow, intermediate and EPC Water Exposure Point Concentration -- -- mg/m3 -- I - 1.6E-01 to 1.5E-01 - 5% decrease

deep groundwater) EV Event Frequency 4 4 event/day -- D - 2.7E-01 to 2.5E-01 - 5% decrease

EF Exposure Frequency 250 250 days/year --

tevent Event Duration 0.03 0.03 hour/event --

Kp Permeability coefficient Chemical Specific Chemical Specific cm/hr --

ED Exposure Duration 25 25 years --

SA
Skin Surface Area available for 
contact 2479 2603 cm2 5% increase (OSWER 9200.1-120 a)

BW Body Weight 70 80 kg 14% increase (OSWER 9200.1-120)

ATnc Averaging Time - non-cancer 9125 9125 days --

Page 1 of 2



Table 12

Comparison of Values Used For Daily Intake Calculations with 2014 EFH Values

Shieldalloy Metallurgical Corporation - Newfield, NJ

Scenario Timeframe:  Future

Medium:   Groundwater

Exposure Medium: Groundwater

     

Receptor Population Exposure Route Receptor Age Exposure Point Parameter Parameter Definition Value 2014 EFH Units
Code Values Change (Source) Change in Hazard Quotient

Future Resident Ingestion Adult Groundwater at the tap EPC Water Exposure Point Concentration -- -- mg/L --

(On-Site, Off-Site, Farm (shallow, intermediate and IR Water Ingestion Rate 2.3 2.5 L/day 9% increase (OSWER 9200.1-120) On-Site:

Parcel) deep groundwater) EF Exposure Frequency 350 350 days/year -- S - 6.7E-01 to 6.3E-01 - 5% decrease

ED Exposure Duration 24 20 years 17% decrease (OSWER 9200.1-120) I - 2.2E-01 to 2.1E-01 - 5% decrease

BW Body Weight 70 80 kg 14% increase (OSWER 9200.1-120) D - 3.8E-01 to 3.6E-01 - 5% decrease

ATnc Averaging Time - non-cancer 8760 7300 days 17% decrease (OSWER 9200.1-120)

Dermal Adult Groundwater at the tap DAevent Absorbed Dose per Event Calculated Calculated -- -- Off-Site:

(shallow, intermediate and EPC Water Exposure Point Concentration -- -- -- -- S - 7.7E-02 to 7.3E-02 - 5% decrease

deep groundwater) EV Event Frequency 1 1 -- -- I - 5.1E-01 to 4.8E-01 - 5% decrease

EF Exposure Frequency 350 350 -- -- D - 2.4E+00 to 2.3E+00 - 5% decrease

tevent Event Duration 0.58 0.58 -- --

Kp Permeability coefficient Chemical Specific Chemical Specific -- -- Farm Parcel:

ED Exposure Duration 24 20 years 17% decrease (OSWER 9200.1-120) S - 3.8E-01 to 3.6E-01 - 5% decrease

SA
Skin Surface Area available for 
contact 18150 20900 cm2 15% increase (OSWER 9200.1-120) I - 5.3E-01 to 5.1E-01 - 5% decrease

BW Body Weight 70 80 kg 14% increase (OSWER 9200.1-120) D - 3.4E+00 to 3.3E+00 - 5% decrease

ATnc Averaging Time - non-cancer 8760 7300 days 17% decrease (OSWER 9200.1-120)

Future Resident Ingestion Child Groundwater at the tap EPC Water Exposure Point Concentration -- -- mg/L --

(On-Site, Off-Site, Farm (shallow, intermediate and IR Water Ingestion Rate 1 0.78 L/day 22% decrease (OSWER 9200.1-120) On-Site:

Parcel) deep groundwater) EF Exposure Frequency 350 350 days/year -- S - 1.4E+00 to 1.1E+00 - 22% decrease

ED Exposure Duration 6 6 years -- I - 4.6E-01 to 3.6E-01 - 22% decrease

BW Body Weight 15 15 kg -- D - 7.6E-01 to 6.0E-01 - 22% decrease

ATnc Averaging Time - non-cancer 2190 2190 days --

Dermal Child Groundwater at the tap DAevent Absorbed Dose per Event Calculated Calculated mg/cm2-event -- Off-Site:

(shallow, intermediate and EPC Water Exposure Point Concentration -- -- mg/m3 -- S - 1.6E-01 to 1.2E-01 - 22% decrease

deep groundwater) EV Event Frequency 1 1 event/day -- I - 1E+00 to 8.0E-01 - 22% decrease

EF Exposure Frequency 350 350 days/year -- D - 4.8E+00 to 3.8E+00 - 22% decrease

tevent Event Duration 1 1 hour/event --

Kp Permeability coefficient Chemical Specific Chemical Specific cm/hr -- Farm Parcel:

ED Exposure Duration 6 6 years -- S - 7.6E-01 to 6.0E-01 - 22% decrease

SA
Skin Surface Area available for 
contact 6600 6378 cm2 3% decrease (OSWER 9200.1-120) I - 1.1E+00 to 8.4E-01 - 22% decrease

BW Body Weight 15 15 kg -- D - 6.9E+00 to 5.4E+00 - 22% decrease

ATnc Averaging Time - non-cancer 2190 2190 days --

S = Shallow

BOLDED ITALICS = changed value I = Intermediate

(a) Proportional increase applied to Commercial/Industrial worker SA, due to different body parts included in OSWER 9200.1-1200 SA for workers. D = Deep

Page 2 of 2
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WELL SCREENED RELATIVE
IDENTIFIER INTERVAL AQUIFER

(FTBGS)(1) DEPTH JULY 27, 2004 SEPTEMBER 10, 2004 SEPTEMBER 30, 2004 OCTOBER 27, 2004 FEBRUARY 21, 2006 OCTOBER 20-22, 2009(2) SEPTEMBER 8-9, 2010 APRIL 29, 2011

ON-SITE MONITORING WELLS
IWC-1 15-20 Shallow 9.9 10.0 NA NA NA 7.3 NA NA
IWC-2 35-40 Shallow 10 9.4 NA NA NA 7.7 NA NA
B 36-46 Shallow NA 8.0 NA NA NA 1.2 J (3) NA NA
K 36-46 Shallow NA NA NA NA NA 90.5 / 78.1 1.9 J(6) / 3.0 NA
L 42-52 Shallow NA NA NA NA NA <3.0 NA NA
SC9S 15-30 Shallow NA 8.0 NA NA NA 8.2 / 8.0(5) NA NA
SC11S(R) 9-24 Shallow NA NA NA NA NA <3.0 <3.0 NA
SC12S 15-25 Shallow NA NA NA NA NA <3.0 NA NA
SC14S 12-27 Shallow NA 0.21 J NA NA NA <3.0 <3.0 NA
SC15S 12.5-27.5 Shallow NA NA NA NA NA <3.0 NA NA
SC16S 12-27 Shallow NA NA NA NA NA <3.0 <3.0 NA
SC20S 7-22 Shallow NA NA NA NA NA <3.0 NA NA
SC13S(R) 14.7-24.7 Shallow NA NA NA NA NA <3.0 NA NA
SC22S 3-18 Shallow NA NA NA NA NA <3.0 2.0 J(6) NA
SC23S 9-24 Shallow NA NA NA NA NA <3.0 NA NA
SC25S 7-22 Shallow NA NA NA NA NA <3.0 0.64 J(6) NA
SC27S 7-22 Shallow NA NA NA NA NA <3.0 NA NA
W2(R) 2-17 Shallow NA NA NA NA NA 0.94 J (6) <3.0 NA
Extraction Well - Layne 42-47 Shallow NA 23.0 NA NA NA 67.4 36.6 NA
IWC-3 55-60 Intermediate 4.0 / 4.1 4.0 / 4.0 NA NA NA 2.5 J (3) NA NA
IWC-4 75-80 Intermediate 5.4 6.9 NA NA NA 4.6 4.4 NA
W4 55-75 Intermediate NA NA NA NA NA 1.2 J(6) 0.93 J(6) NA
IWC-5 95-100 Deep 10.0 11.0 NA NA NA 11.7 / 10.7(4) NA NA
A 114-124 Deep NA <0.18 NA NA NA <3.0 NA NA
SC12D 126-136 Deep NA NA NA NA NA <3.0 <3.0 NA
SC13D 127-137 Deep NA NA NA NA NA 2.2 J (6) NA NA
SC20D 129-139 Deep NA NA NA NA NA 7.0 6.0 NA
MWH-4 119-129 Deep NA NA NA NA NA <3.0 NA NA
W3D 88-108 Deep NA NA NA NA NA 8.6 7.4 NA
Extraction Well - W9 110-130 Deep NA 10.0 NA NA NA 6.1 NA NA

NOTES:
     (1) - FTBGS, Feet Below Ground Surface
     (2) - Monitoring wells SC33D & SC34D were sampled on 11/19/09, monitoring wells SC35D & SC36D were sampled on 12/7/09, monitoring well K was re-sampled on 1/21/10, & recovery wells Layne & W9 were sampled on 1/21/10
     (3) - Data qualifier changed to "J" by data validation
     (4) - "Blind" duplicate sample labeled as IWC-6      µg/L - micrograms per liter
     (5) - "Blind" duplicate sample labeled as SC33S      NA - Not Analyzed
     (6) - Data not validated, but qualifier changed to "J" consistent with data validation      All samples were analyzed by EPA Method 314.0
     (7) - Data validation corrected reporting limit      BOLD - indicates that value is greater than the proposed New Jersey Ground Water Quality Criteria of 5 ug/L
     (8) - "Blind" duplicate sample labeled as SC35D      Shaded - Indicates that value is greater than the U.S. EPA Interim Health Advisory Level of 15 ug/L
     (9) - "Blind" duplicate sample labeled as SC37D      J - Indicates a result is less than the reporting limit and estimated by the laboratory
     (10) - "Blind" duplicate sample labeled as SC34D      Results with slash (e.g., 13.0 / 12.9) indicate duplicate results

PERCHLORATE
(µg/L)

SAMPLING EVENT

TABLE A-1
Groundwater Perchlorate Results Summary

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey
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WELL SCREENED RELATIVE
IDENTIFIER INTERVAL AQUIFER

(FTBGS)(1) DEPTH JULY 27, 2004 SEPTEMBER 10, 2004 SEPTEMBER 30, 2004 OCTOBER 27, 2004 FEBRUARY 21, 2006 OCTOBER 20-22, 2009(2) SEPTEMBER 8-9, 2010 APRIL 29, 2011

PERCHLORATE
(µg/L)

SAMPLING EVENT

TABLE A-1
Groundwater Perchlorate Results Summary

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey

OFF-SITE MONITORING WELLS
SC4S 35-45 Shallow NA NA 1.1 NA NA <3.0 NA NA
SC10S 35-55 Shallow NA NA NA NA NA 1.7 J (6) <3.0 NA
SC17S 19-28 Shallow NA NA NA NA NA <3.0 <3.0 NA
SC18S 4-19 Shallow NA NA NA NA NA <15.0 (7) <3.0 NA
SC19S 2-17 Shallow NA NA NA NA NA <3.0 NA NA
SC21S 3-18 Shallow NA NA NA NA NA <3.0 <3.0 NA
IW1 32-62 Intermediate NA NA NA NA NA 1.1 J (6) NA NA
SC6S 45-75 Intermediate NA NA 1.6 NA NA 6.4 19.6 NA
SC33D 82.5-92.5 Intermediate NA NA NA NA NA <3.0 <3.0 NA
Extraction Well - RW6S 55-75 Intermediate NA NA 8.0 / 8.01 NA NA 12.9 NA NA
SC6D 110-120 Deep NA NA 3.5 NA NA 9.8 NA NA
SC10D 105-125 Deep NA NA NA NA NA 19.5 8.5 NA
SC17D 143-153 Deep NA NA NA NA NA 6.3 5.6 NA
SC18D 119-129 Deep NA NA NA NA NA 3.8 NA NA
SC19D 120-130 Deep NA NA NA NA NA 14.3 NA NA
SC21D 125-135 Deep NA NA NA NA NA 29.1 32.8 NA
SC26D 127-137 Deep NA NA NA NA NA 11.0 6.8 NA
SC28D 133-153 Deep NA NA NA 34.0 NA 49.0 16.8 NA
SC30D 147-157 Deep NA NA NA 1.9 NA 2.6 J (6) 2.8 J(6) NA
SC32D 92-102 Deep NA NA NA NA NA 3.2 / 3.3(8) 3.7 NA
SC34D 130-140 Deep NA NA NA NA NA 150 / 152(9) 158 NA
SC35D 89.5-99.5 Deep NA NA NA NA NA 2.0 J (6) 2.7 J(6) NA
SC36D 107-117 Deep NA NA NA NA NA 5.3 6.4 / 5.6(9) NA
SC40D 120-130 Deep NA NA NA NA NA NA NA 4.0 / 3.9 (11)

Extraction Well - RW6D 90-125 Deep NA NA 12.0 / 13.8 NA NA 14.3 NA NA
UP GRADIENT MONITORING WELL
OBS-2A 129-149 Deep NA NA NA NA NA 4.8 J (6) NA NA

NOTES:
     (1) - FTBGS, Feet Below Ground Surface
     (2) - Monitoring wells SC33D & SC34D were sampled on 11/19/09, monitoring wells SC35D & SC36D were sampled on 12/7/09, monitoring well K was re-sampled on 1/21/10, & recovery wells Layne & W9 were sampled on 1/21/10
     (3) - Data qualifier changed to "J" by data validation
     (4) - "Blind" duplicate sample labeled as IWC-6      µg/L - micrograms per liter
     (5) - "Blind" duplicate sample labeled as SC33S      NA - Not Analyzed
     (6) - Data not validated, but qualifier changed to "J" consistent with data validation      All samples were analyzed by EPA Method 314.0
     (7) - Data validation corrected reporting limit      BOLD - indicates that value is greater than the proposed New Jersey Ground Water Quality Criteria of 5 ug/L
     (8) - "Blind" duplicate sample labeled as SC35D      Shaded - Indicates that value is greater than the U.S. EPA Interim Health Advisory Level of 15 ug/L
     (9) - "Blind" duplicate sample labeled as SC37D      J - Indicates a result is less than the reporting limit and estimated by the laboratory
     (10) - "Blind" duplicate sample labeled as SC34D      Results with slash (e.g., 13.0 / 12.9) indicate duplicate results
     (11) - "Blind" duplicate sample labeled as SC49D



Page 3 of 3

WELL SCREENED RELATIVE
IDENTIFIER INTERVAL AQUIFER

(FTBGS)(1) DEPTH JULY 27, 2004 SEPTEMBER 10, 2004 SEPTEMBER 30, 2004 OCTOBER 27, 2004 FEBRUARY 21, 2006 OCTOBER 20-22, 2009(2) SEPTEMBER 8-9, 2010 APRIL 29, 2011

PERCHLORATE
(µg/L)

SAMPLING EVENT

TABLE A-1
Groundwater Perchlorate Results Summary

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey

FARM PARCEL MONITORING WELLS
SC5S 5-20 Shallow NA NA NA NA NA 1.4 J (6) NA NA
SC24S 5-20 Shallow NA NA NA 4.8 4.3 0.99 J (6) 2.1 J(3) NA
Extraction Well - RIW2 30-55 Shallow NA NA 14.0 / 15.1 NA 9.4 4.1 NA NA
IW2 40-70 Intermediate NA NA NA NA NA 3.7 NA NA
SC1S 35-55 Intermediate NA NA NA 3.5 8.8 1.8 J (3) 0.69 J(3) NA
SC3S 35-55 Intermediate NA NA 13 NA 20.9 1.8 J (3) 13.0 NA
SC1D 85-95/100-115 Deep NA NA NA 76.0 / 76.0 53.9 46.3 44.5 NA
SD2D(R) 106-116 Deep NA NA 9.2 NA NA 7.0 6.6 NA
SC3D(R) 102-112 Deep NA NA 49 NA 62.1 141 / 136(10) 143 NA
SC5D 90-120 Deep NA NA NA NA NA 1.2 J (6) NA NA
SC24D 105-115 Deep NA NA NA 6 3.0 3.0 NA NA
SC31D 120-130 Deep NA NA NA NA NA 6.6 NA NA

NOTES:
     (1) - FTBGS, Feet Below Ground Surface
     (2) - Monitoring wells SC33D & SC34D were sampled on 11/19/09, monitoring wells SC35D & SC36D were sampled on 12/7/09, monitoring well K was re-sampled on 1/21/10, & recovery wells Layne & W9 were sampled on 1/21/10
     (3) - Data qualifier changed to "J" by data validation
     (4) - "Blind" duplicate sample labeled as IWC-6      µg/L - micrograms per liter
     (5) - "Blind" duplicate sample labeled as SC33S      NA - Not Analyzed / Not Applicable
     (6) - Data not validated, but qualifier changed to "J" consistent with data validation      All samples were analyzed by EPA Method 314.0
     (7) - Data validation corrected reporting limit      BOLD - indicates that value is greater that the proposed New Jersey Ground Water Quality Criteria of 5 ug/L
     (8) - "Blind" duplicate sample labeled as SC35D      Shaded - Indicates that value is greater than the U.S. EPA Interim Health Advisory Level of 15 ug/L
     (9) - "Blind" duplicate sample labeled as SC37D      J - Indicates a result is less than the reporting limit and estimated by the laboratory
     (10) - "Blind" duplicate sample labeled as SC34D      Results with slash (e.g., 13.0 / 12.9) indicate duplicate results
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Sample ID Date Sampled Sample 
Depth (ftbgs) Sample ID Date Sampled

Sample 
Depth 
(ftbgs)

Background Sample AOC-3 Former Lagoon Area
SS-01 (5-7') 10/26/2009 5-7 <9.6 SS-09 (6-8') 10/26/2009 6-8 <10
SS-01 (12-14') 10/26/2009 12-14 <10 SS-09 (12-14') 10/26/2009 12-14 <10
AOC-1 Former Chemical Storage Building SS-10 (2-4') 10/26/2009 2-4 <9.8
SS-02 (1-3') 10/26/2009 1-3 2.1 J(1) SS-10 (4-6') 10/26/2009 4-6 <9.4
SS-02 (14-16') 10/26/2009 14-16 <9.7 SS-11 (1-3') 10/27/2009 1-3 <9.8
SS-03 (0-2') 10/26/2009 0-2 <10 SS-11 (5-7') 10/27/2009 5-7 2.8 J(2)

SS-03 (13-15') 10/26/2009 13-15 8.6 J(1) SS-12 (2-4') 10/27/2009 2-4 <9.7
SS-04  (2-4') 10/26/2009 2-4 7.9 J(1) SS-12 (5-7') 10/27/2009 5-7 <9.6
SS-04 (14-16') 10/26/2009 14-16 4.2 J(1) SS-32 (5-7') Field Dup 10/27/2009 5-7 <9.6
SS-05 (5-7') 10/26/2009 5-7 58.3 SS-13 (1-3') 10/27/2009 1-3 2.0 J(2)

SS-05 (13-15') 10/26/2009 13-15 18.3 SS-13 (5-7') 10/27/2009 5-7 2.9 J(2)

SS-06 (1-3') 10/26/2009 1-3 <10 SS-14 (1-3') 10/27/2009 1-3 <9.5
SS-06 (14-16') 10/26/2009 14-16 2.9 J(1) SS-14 (6-8') 10/27/2009 6-8 <9.6
SS-07 (6-8') 10/26/2009 6-8 <9.6 SS-15 (2-4') 10/27/2009 2-4 <9.7
SS-27 (6-8') Field Dup 10/26/2009 6-8 <9.6 SS-15 (4-6') 10/27/2009 4-6 <9.9
SS-07 (13-15') 10/26/2009 13-15 3.0 J(1) SS-16 (1-3') 10/27/2009 1-3 <9.6
SS-08 (3-4') 10/26/2009 3-4 <9.9 SS-16 (6-8') 10/27/2009 6-8 <9.9
SS-08 (12-14') 10/26/2009 12-14 <9.6 SS-17 (1-3') 10/27/2009 1-3 <9.7
AOC-2 Former Building D102(A) SS-17 (5-7') 10/27/2009 5-7 2.8 J(2)

SS-21 (1-3') 10/28/2009 1-3 11.0 SS-18 (1-3') 10/27/2009 1-3 <10
SS-21 (5-7') 10/28/2009 5-7 10.7 SS-18 (6-8') 10/27/2009 6-8 <9.3
SS-22 (1-3') 10/28/2009 1-3 <9.8 SS-19 (1-3') 10/27/2009 1-3 <9.8
SS-22 (6-8') 10/28/2009 6-8 12.0 SS-19 (6-8') 10/27/2009 6-8 <9.6
SS-23 (2-4') 10/28/2009 2-4 <10 SS-20 (1-3') 10/27/2009 1-3 2.3 J(2)

SS-33 (2-4') Field Dup 10/28/2009 2-4 <10 SS-20 (4-6') 10/27/2009 4-6 <10
SS-23 (6-8') 10/28/2009 6-8 <9.7
SS-24 (1-3') 10/28/2009 1-3 26.5
SS-24 (4-6') 10/28/2009 4-6 28.8

NOTES:

     (1) - Data qualifier changed to "J" by data validation

     (2) - Data not validated, but qualifier changed to "J" consistent with data validation

     EPA Regional Screening Level for perchlorate in residential soil is 55,000 ug/kg and 720,000 ug/kg in industrial soil.

     Shaded results are in excess of the EPA Regional Screening Level for perchlorate.

     micrograms per kilogram (ug/kg) is equivalent to parts per billion

     ftbgs - feet below ground surface

     J - Indicates a result is less than the reporting limit and estimated by the laboratory

Perchlorate 
(ug/kg)

Appendix A-2
Soil Investigation Perchlorate Results

Shieldalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Perchlorate 
(ug/kg)



Sample ID

Perchlorate 
Concentration 

(µg/L)

Perchlorate 
Concentration 

(µg/kg) Comments
FB83012 <0.721 Field blank

SS-01(0-1') <1.2
SS-01(0-2') <1.2
SS-04(0-1') <1.2
SS-04(0-2') <1.2
SS-05(0-1') <1.2
SS-15(0-1') <1.2 Blind Duplicate of SS-05(0-1')
SS-05(0-2') <1.2
SS-09(0-1') <1.2
SS-09(0-2') <1.2
SS-13(0-1') <1.2
SS-13(0-2') <1.2
SS-20(0-1') <1.2
SS-20(0-2') <1.2
SS-21(0-1') 5.9 J2

SS-21(0-2') 3.8 J
SS-24(0-1') <1.2
SS-24(0-2') <1.2

Notes: 1) "<" indicates a result less than the Method Detection Limit
2) "J" Qualifier: Indicates a result greater than or equal to the 

Method Detection Limit but less than the Reporting Limit

Appendix A-2
Supplemental Soil Sampling - August 2012
Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey
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Sample ID Date Sampled
Surface Water 

(ug/l) Sediment (ug/kg)

Surface Water / Sediment Sample Identifications
SW-1A / SED-1A 10/28/2009 1.8 J (1) <12
SW-1 / SED-1 10/28/2009 <3.0 <18
SW-2 / SED-2 10/28/2009 <3.0 <19 (2)

SW-3 / SED-3 10/28/2009 <3.0 <13
SW-4 / SED-4 10/28/2009 <3.0 10.9 J (1)

SW-10 / SED-10 Field Dup 10/28/2009 <3.0 (2) <42
SW-5 / SED-5 10/28/2009 <3.0 <27
SW-6 / SED-6 10/28/2009 <3.0 <16
SW-7 / SED-7 10/29/2009 <3.0 <21
SED-8 10/29/2009 Dry <11
SW-9 / SED-9 10/29/2009 <3.0 <47

NOTES:

     (1) - Data qualifier changed to "J" by data validation

     (2) - Data validation indicated analytical result should be reported as less than the laboratory reporting limit

     There are no established guidance or criteria for perchlorate in surface water or sediment

     micrograms per Liter (ug/L) is equivalent to parts per billion

     ftmsl - feet above mean sea level (NAVD 27)

     ftbgs - feet below ground surface

     J - Indicates a result is less than the reporting limit and estimated by the laboratory

Appendix A-3

Shieldalloy Metallurgical Corporation - OU3

Perchlorate

Surface Water and Sediment Investigation Perchlorate Results

Newfield, New Jersey
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On and Off-Site Groundwater 
Summary Statistics 



ProUCL Version 4.1.00

40.99 26.85 46.25 34.1 1.29 1.128Farm Parcel Deep 16 0 0.00% 1.2 143

7.466 3.7 6.924 4.463 0.956 0.927Farm Parcel Intermediate 9 0 0.00% 0.69 20.9

5.205 4.2 4.614 3.632 1.411 0.886Farm Parcel Shallow 8 0 0.00% 0.99 14.55

21.42 6.8 38.61 6.227 3.106 1.803Off-Site MW Deep 29 0 0.00% 1.9 158

8.268 7.203 7.061 8.377 0.753 0.854Off-Site Intermediate 6 2 25.00% 1.1 19.6

1.4 1.4 0.424 0.445     N/A    0.303Off-Site Shallow 2 9 81.82% 1.1 1.7

7.95 8 2.793 2.965 -0.795 0.351On-Site  Deep 10 5 33.33% 2.2 11.2

3.776 4.05 1.935 2.001 -0.146 0.513On-Site Intermediate 9 0 0.00% 0.93 6.9

15.64 8 23.07 8.228 2.281 1.475On-Site Shallow 19 16 45.71% 0.21 84.3

Mean Median SD MAD/0.675 Skewness CVVariable Num Ds NumNDs % NDs Minimum Maximum

Appendix B-1a

Summary Statistics for Raw Data Sets with NDs using Detected Data Only - Ground Water Perchlorate Concentrations

Newfield, New Jersey

Raw Statistics using Detected Observations

Shieldalloy Metallurgical Corporation - OU3
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On and Off-Site Groundwater – UCLs 



Appendix B-1b

General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

   95% Adjusted Gamma UCL 23.59

Note: DL/2 is not a recommended method.

AppChi2 4.249    95% KM (BCA) UCL 14.73

   95% Gamma Approximate UCL 22.55

Theta star 60.97

Nu star 10.49 Potential UCLs to Use

SD 18.35 97.5% KM (Chebyshev) UCL 28.65

k star 0.15 99% KM (Chebyshev) UCL 40.27

Mean 9.135    95% KM (Percentile Bootstrap) UCL 14.73

Median 2.358 95% KM (Chebyshev) UCL 22.73

Minimum 0.000001    95% KM (bootstrap t) UCL 21.5

Maximum 84.3    95% KM (BCA) UCL 14.73

Assuming Gamma Distribution    95% KM (z) UCL 14.22

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 14.3

Data follow Appr. Gamma Distribution at 5% Significance Level SE of Mean 3.137

   95% KM (t) UCL 14.36

K-S Test Statistic 0.788 Mean 9.057

5% K-S Critical Value 0.208 SD 18.04

A-D Test Statistic 0.722 Nonparametric Statistics

5% A-D Critical Value 0.788 Kaplan-Meier (KM) Method

nu star 22.24

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.585 Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star 26.72

   95% H-UCL 25.05

   95% Percentile Bootstrap UCL 14.45

   95% BCA Bootstrap UCL 15.61

SD in Original Scale 18.28

   95% t UCL 14.35

SD in Log Scale 1.635

Mean in Original Scale 9.129

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE yields a negative mean Mean in Log Scale 0.951

   95% DL/2 (t) UCL 14.39    95%  H-Stat (DL/2) UCL 15.34

Mean 9.175 Mean 1.171

SD 18.24 SD 1.337

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

5% Shapiro Wilk Critical Value 0.901 5% Shapiro Wilk Critical Value 0.901

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.639 Shapiro Wilk Test Statistic 0.946

SD of Detected 1.555

Minimum Non-Detect 3

UCL Statistics

Mean of Detected 15.64 Mean of Detected 1.816

Maximum Non-Detect 3 Maximum Non-Detect 1.099

SD of Detected 23.07

Minimum Detected 0.21 Minimum Detected -1.561

Minimum Non-Detect 1.099

Maximum Detected 84.3 Maximum Detected 4.434

Percent Non-Detects 45.71%

Raw Statistics Log-transformed Statistics

Number of Valid Data 35 Number of Detected Data 19

Number of Distinct Detected Data 17 Number of Non-Detect Data 16

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

On-Site Shallow

General Statistics

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF
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General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

(e.g., Chen, Johnson, Lognormal, and Gamma) may not be

reliable.  Chen's and Johnson's methods provide

adjustments for positvely skewed data sets.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

 and Singh and Singh (2003).   For additional insight, the user may want to consult a statistician.

Note: For highly negative-skewed data, confidence limits

Potential UCL to Use Use 95% Student's-t UCL 4.975

   95% Approximate Gamma UCL 5.74

   95% Adjusted Gamma UCL 6.294

97.5% Chebyshev(Mean, Sd) UCL 7.804

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 10.19

Kolmogorov-Smirnov 5% Critical Value 0.281    95% BCA Bootstrap UCL 4.739

Data follow Appr. Gamma Distribution at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 6.587

Anderson-Darling 5% Critical Value 0.727    95% Hall's Bootstrap UCL 4.849

Kolmogorov-Smirnov Test Statistic 0.282    95% Percentile Bootstrap UCL 4.72

   95% Standard Bootstrap UCL 4.786

Anderson-Darling Test Statistic 0.526    95% Bootstrap-t UCL 4.878

Adjusted Level of Significance 0.0231    95% CLT UCL 4.836

Adjusted Chi Square Value 23.24    95% Jackknife UCL 4.975

nu star 38.73

Approximate Chi Square Value (.05) 25.48 Nonparametric Statistics

MLE of Mean 3.776

MLE of Standard Deviation 2.574

Gamma Distribution Test Data Distribution

k star (bias corrected) 2.152 Data appear Normal at 5% Significance Level

Theta Star 1.755

   95% Modified-t UCL (Johnson-1978) 4.97    99% Chebyshev (MVUE) UCL 13

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 7.895

   95% Adjusted-CLT UCL (Chen-1995) 4.803  97.5% Chebyshev (MVUE) UCL 9.619

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 4.975    95% H-UCL 7.554

Shapiro Wilk Critical Value 0.829 Shapiro Wilk Critical Value 0.829

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.949 Shapiro Wilk Test Statistic 0.861

Warning:  There are only 9 Values in this data

Note:  It should be noted that even though bootstrap methods may be performed on this data set,

the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Skewness -0.146

Std. Error of Mean 0.645

Coefficient of Variation 0.513

Median 4.05 SD of log Data 0.685

SD 1.935

Maximum 6.9 Maximum of Log Data 1.932

Mean 3.776 Mean of log Data 1.16

Raw Statistics Log-transformed Statistics

Minimum 0.93 Minimum of Log Data -0.0726

General Statistics

Number of Valid Observations 9 Number of Distinct Observations 9

On-Site Intermediate
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General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

Note: DL/2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

   95% Gamma Approximate UCL 18.06    95% KM (Percentile Bootstrap) UCL 8.307

   95% Adjusted Gamma UCL 21.16

Nu star 6.934 Potential UCLs to Use

AppChi2 2.134    95% KM (t) UCL 7.696

k star 0.231 99% KM (Chebyshev) UCL 15.42

Theta star 24.05

Median 6.1 95% KM (Chebyshev) UCL 10.15

SD 4.206 97.5% KM (Chebyshev) UCL 11.93

Maximum 11.2    95% KM (BCA) UCL 8.6

Mean 5.56    95% KM (Percentile Bootstrap) UCL 8.307

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 7.896

Minimum 0.000001    95% KM (bootstrap t) UCL 7.523

   95% KM (t) UCL 7.696

Assuming Gamma Distribution    95% KM (z) UCL 7.586

5% K-S Critical Value 0.267 SD 3.468

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.944

5% A-D Critical Value 0.728 Kaplan-Meier (KM) Method

K-S Test Statistic 0.728 Mean 6.033

A-D Test Statistic 0.565 Nonparametric Statistics

Theta Star 1.798

nu star 88.44

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 4.422 Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL 7.609

   95% H UCL 9.369

   95% t UCL 7.777

   95% Percentile Bootstrap UCL 7.695

   95% MLE (t) UCL 9.473 Mean in Original Scale 6.238

   95% MLE (Tiku) UCL 9.727 SD in Original Scale 3.385

Mean 8.596 Mean in Log Scale 1.663

SD 1.928 SD in Log Scale 0.632

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD 3.99 SD 1.304

   95% DL/2 (t) UCL 7.52    95%  H-Stat (DL/2) UCL 26.04

DL/2 Substitution Method DL/2 Substitution Method

Mean 5.706 Mean 1.275

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Shapiro Wilk Test Statistic 0.926 Shapiro Wilk Test Statistic 0.796

5% Shapiro Wilk Critical Value 0.842 5% Shapiro Wilk Critical Value 0.842

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 40.00%

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 6

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 9

Maximum Non-Detect 3 Maximum Non-Detect 1.099

SD of Detected 2.793 SD of Detected 0.482

Minimum Non-Detect 0.18 Minimum Non-Detect -1.715

Maximum Detected 11.2 Maximum Detected 2.416

Mean of Detected 7.95 Mean of Detected 1.991

Raw Statistics Log-transformed Statistics

Minimum Detected 2.2 Minimum Detected 0.788

Number of Distinct Detected Data 9 Number of Non-Detect Data 5

Percent Non-Detects 33.33%

General Statistics

Number of Valid Data 15 Number of Detected Data 10

On-Site  Deep



Appendix B-1b

General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

   95% Adjusted Gamma UCL     N/A

Warning: Recommended UCL exceeds the maximum observation

Note: DL/2 is not a recommended method.

AppChi2     N/A       95% KM (t) UCL 1.944

   95% Gamma Approximate UCL     N/A       95% KM (% Bootstrap) UCL     N/A    

Theta star     N/A    

Nu star     N/A    Potential UCLs to Use

SD     N/A    97.5% KM (Chebyshev) UCL 3.273

k star     N/A    99% KM (Chebyshev) UCL 4.385

Mean     N/A       95% KM (Percentile Bootstrap) UCL     N/A    

Median     N/A    95% KM (Chebyshev) UCL 2.708

Minimum     N/A       95% KM (bootstrap t) UCL     N/A    

Maximum     N/A       95% KM (BCA) UCL     N/A    

Assuming Gamma Distribution    95% KM (z) UCL 1.893

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 2.133

Data not Gamma Distributed at 5% Significance Level SE of Mean 0.3

   95% KM (t) UCL 1.944

K-S Test Statistic     N/A    Mean 1.4

5% K-S Critical Value     N/A    SD 0.3

A-D Test Statistic     N/A    Nonparametric Statistics

5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method

nu star     N/A    

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected)     N/A    Data do not follow a Discernable Distribution (0.05)

Theta Star     N/A    

   95% H-UCL     N/A    

   95% Percentile Bootstrap UCL     N/A    

   95% BCA Bootstrap UCL     N/A    

SD in Original Scale     N/A    

   95% t UCL     N/A    

SD in Log Scale     N/A    

Mean in Original Scale     N/A    

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

MLE method failed to converge properly Mean in Log Scale     N/A    

   95% DL/2 (t) UCL 3.022    95%  H-Stat (DL/2) UCL 2.736

Mean 2.027 Mean 0.535

SD 1.82 SD 0.502

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

5% Shapiro Wilk Critical Value     N/A    5% Shapiro Wilk Critical Value     N/A    

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic     N/A    Shapiro Wilk Test Statistic     N/A    

It is necessary to have 4 or more Distinct Values for bootstrap methods.

However, results obtained using 4 to 9 distinct values may not be reliable.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

The Project Team may decide to use alternative site specific values to estimate environmental parameters (e.g., EPC, BTV).

Unless Data Quality Objectives (DQOs) have been met, it is suggested to collect additional observations.

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

Warning: Data set has only 2 Distinct Detected Values.

This may not be adequate enough to compute meaningful and reliable test statistics and estimates.

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect 11

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected 0

Maximum Non-Detect 15 Maximum Non-Detect 2.708

SD of Detected 0.424 SD of Detected 0.308

Minimum Non-Detect 3 Minimum Non-Detect 1.099

Maximum Detected 1.7 Maximum Detected 0.531

Mean of Detected 1.4 Mean of Detected 0.313

Raw Statistics Log-transformed Statistics

Minimum Detected 1.1 Minimum Detected 0.0953

Number of Distinct Detected Data 2 Number of Non-Detect Data 9

Percent Non-Detects 81.82%

Off-Site Shallow

General Statistics

Number of Valid Data 11 Number of Detected Data 2



Appendix B-1b

General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

For additional insight, the user may want to consult a statistician.

   95% Adjusted Gamma UCL 51.02

Note: DL/2 is not a recommended method.

AppChi2 0.881    95% KM (t) UCL 11.19

   95% Gamma Approximate UCL 32.14    95% KM (Percentile Bootstrap) UCL 11.16

Theta star 23.52

Nu star 4.39 Potential UCLs to Use

SD 6.869 97.5% KM (Chebyshev) UCL 21.87

k star 0.274 99% KM (Chebyshev) UCL 30.96

Mean 6.453    95% KM (Percentile Bootstrap) UCL 11.16

Median 4.211 95% KM (Chebyshev) UCL 17.24

Minimum 0.000001    95% KM (bootstrap t) UCL 13.5

Maximum 19.6    95% KM (BCA) UCL 11.55

Assuming Gamma Distribution    95% KM (z) UCL 10.58

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL 11.08

Data appear Gamma Distributed at 5% Significance Level SE of Mean 2.455

   95% KM (t) UCL 11.19

K-S Test Statistic 0.711 Mean 6.538

5% K-S Critical Value 0.339 SD 6.336

A-D Test Statistic 0.274 Nonparametric Statistics

5% A-D Critical Value 0.711 Kaplan-Meier (KM) Method

nu star 8.998

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.75 Data appear Normal at 5% Significance Level

Theta Star 11.03

   95% H UCL 40.57

   95% Percentile Bootstrap UCL 10.41

   95% BCA Bootstrap UCL 11.04

   95% MLE (Tiku) UCL 11.66 SD in Original Scale 6.737

   95% t UCL 11.1

SD 9.909 SD in Log Scale 1.161

   95% MLE (t) UCL 10.14 Mean in Original Scale 6.587

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 3.499 Mean in Log Scale 1.346

   95% DL/2 (t) UCL 11.09    95%  H-Stat (DL/2) UCL 37.2

Mean 6.576 Mean 1.356

SD 6.74 SD 1.135

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

5% Shapiro Wilk Critical Value 0.788 5% Shapiro Wilk Critical Value 0.788

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.928 Shapiro Wilk Test Statistic 0.913

Warning:  There are only 6 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Maximum Non-Detect 3 Maximum Non-Detect 1.099

SD of Detected 7.061 SD of Detected 1.15

Minimum Non-Detect 3 Minimum Non-Detect 1.099

Maximum Detected 19.6 Maximum Detected 2.976

Mean of Detected 8.268 Mean of Detected 1.672

Raw Statistics Log-transformed Statistics

Minimum Detected 1.1 Minimum Detected 0.0953

Number of Distinct Detected Data 6 Number of Non-Detect Data 2

Percent Non-Detects 25.00%

Off-Site Intermediate

General Statistics

Number of Valid Data 8 Number of Detected Data 6



Appendix B-1b

General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

 and Singh and Singh (2003).   For additional insight, the user may want to consult a statistician.

Potential UCL to Use Use 95% Chebyshev (Mean, Sd) UCL 52.67

   95% Approximate Gamma UCL 32.57

   95% Adjusted Gamma UCL 33.42

97.5% Chebyshev(Mean, Sd) UCL 66.2

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 92.76

Kolmogorov-Smirnov 5% Critical Value 0.169    95% BCA Bootstrap UCL 36.68

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 52.67

Anderson-Darling 5% Critical Value 0.787    95% Hall's Bootstrap UCL 89.54

Kolmogorov-Smirnov Test Statistic 0.19    95% Percentile Bootstrap UCL 34.74

   95% Standard Bootstrap UCL 33.03

Anderson-Darling Test Statistic 1.886    95% Bootstrap-t UCL 57.7

Adjusted Level of Significance 0.0407    95% CLT UCL 33.21

Adjusted Chi Square Value 24.79    95% Jackknife UCL 33.62

nu star 38.68

Approximate Chi Square Value (.05) 25.44 Nonparametric Statistics

MLE of Mean 21.42

MLE of Standard Deviation 26.23

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.667 Data do not follow a Discernable Distribution (0.05)

Theta Star 32.12

   95% Modified-t UCL (Johnson-1978) 34.31    99% Chebyshev (MVUE) UCL 65.08

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 38.64

   95% Adjusted-CLT UCL (Chen-1995) 37.63  97.5% Chebyshev (MVUE) UCL 47.56

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 33.62    95% H-UCL 34.42

Shapiro Wilk Critical Value 0.926 Shapiro Wilk Critical Value 0.926

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.51 Shapiro Wilk Test Statistic 0.924

Skewness 3.106

Relevant UCL Statistics

Std. Error of Mean 7.17

Coefficient of Variation 1.803

Median 6.8 SD of log Data 1.187

SD 38.61

Maximum 158 Maximum of Log Data 5.063

Mean 21.42 Mean of log Data 2.226

Raw Statistics Log-transformed Statistics

Minimum 1.9 Minimum of Log Data 0.642

General Statistics

Number of Valid Observations 29 Number of Distinct Observations 28

Off-Site MW Deep



Appendix B-1b

General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

 and Singh and Singh (2003).   For additional insight, the user may want to consult a statistician.

Potential UCL to Use Use 95% Student's-t UCL 8.296

   95% Approximate Gamma UCL 10.15

   95% Adjusted Gamma UCL 12.17

97.5% Chebyshev(Mean, Sd) UCL 15.39

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 21.44

Kolmogorov-Smirnov 5% Critical Value 0.299    95% BCA Bootstrap UCL 8.575

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 12.32

Anderson-Darling 5% Critical Value 0.728    95% Hall's Bootstrap UCL 25.01

Kolmogorov-Smirnov Test Statistic 0.183    95% Percentile Bootstrap UCL 7.788

   95% Standard Bootstrap UCL 7.763

Anderson-Darling Test Statistic 0.262    95% Bootstrap-t UCL 11.96

Adjusted Level of Significance 0.0195    95% CLT UCL 7.888

Adjusted Chi Square Value 7.364    95% Jackknife UCL 8.296

nu star 17.22

Approximate Chi Square Value (.05) 8.833 Nonparametric Statistics

MLE of Mean 5.205

MLE of Standard Deviation 5.017

Gamma Distribution Test Data Distribution

k star (bias corrected) 1.077 Data appear Normal at 5% Significance Level

Theta Star 4.835

   95% Modified-t UCL (Johnson-1978) 8.431    99% Chebyshev (MVUE) UCL 22.4

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 12.76

   95% Adjusted-CLT UCL (Chen-1995) 8.758  97.5% Chebyshev (MVUE) UCL 16.01

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 8.296    95% H-UCL 16.99

Shapiro Wilk Critical Value 0.818 Shapiro Wilk Critical Value 0.818

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.845 Shapiro Wilk Test Statistic 0.965

Warning:  There are only 8 Values in this data

Note:  It should be noted that even though bootstrap methods may be performed on this data set,

the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Skewness 1.411

Std. Error of Mean 1.631

Coefficient of Variation 0.886

Median 4.2 SD of log Data 0.914

SD 4.614

Maximum 14.55 Maximum of Log Data 2.678

Mean 5.205 Mean of log Data 1.303

Raw Statistics Log-transformed Statistics

Minimum 0.99 Minimum of Log Data -0.0101

Farm Parcel Shallow

General Statistics

Number of Valid Observations 8 Number of Distinct Observations 8



Appendix B-1b

General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

 and Singh and Singh (2003).   For additional insight, the user may want to consult a statistician.

Potential UCL to Use Use 95% Student's-t UCL 11.76

   95% Approximate Gamma UCL 15.28

   95% Adjusted Gamma UCL 17.97

97.5% Chebyshev(Mean, Sd) UCL 21.88

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 30.43

Kolmogorov-Smirnov 5% Critical Value 0.286    95% BCA Bootstrap UCL 12.02

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 17.53

Anderson-Darling 5% Critical Value 0.74    95% Hall's Bootstrap UCL 11.57

Kolmogorov-Smirnov Test Statistic 0.193    95% Percentile Bootstrap UCL 11.08

   95% Standard Bootstrap UCL 11.01

Anderson-Darling Test Statistic 0.33    95% Bootstrap-t UCL 13.23

Adjusted Level of Significance 0.0231    95% CLT UCL 11.26

Adjusted Chi Square Value 6.362    95% Jackknife UCL 11.76

nu star 15.32

Approximate Chi Square Value (.05) 7.482 Nonparametric Statistics

MLE of Mean 7.466

MLE of Standard Deviation 8.093

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.851 Data appear Normal at 5% Significance Level

Theta Star 8.774

   95% Modified-t UCL (Johnson-1978) 11.88    99% Chebyshev (MVUE) UCL 38.93

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 21.5

   95% Adjusted-CLT UCL (Chen-1995) 12.05  97.5% Chebyshev (MVUE) UCL 27.38

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 11.76    95% H-UCL 36.56

Shapiro Wilk Critical Value 0.829 Shapiro Wilk Critical Value 0.829

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.868 Shapiro Wilk Test Statistic 0.945

Warning:  There are only 9 Values in this data

Note:  It should be noted that even though bootstrap methods may be performed on this data set,

the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Skewness 0.956

Std. Error of Mean 2.308

Coefficient of Variation 0.927

Median 3.7 SD of log Data 1.138

SD 6.924

Maximum 20.9 Maximum of Log Data 3.04

Mean 7.466 Mean of log Data 1.523

Raw Statistics Log-transformed Statistics

Minimum 0.69 Minimum of Log Data -0.371

Farm Parcel Intermediate

General Statistics

Number of Valid Observations 9 Number of Distinct Observations 7



Appendix B-1b

General UCL Statistics for Data Sets with Non-Detects

Shieldalloy Metallurgical Corporation - OU3

Newfield, New Jersey

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

User Selected Options

From File   ProUCL data.wst

Full Precision   OFF

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

 and Singh and Singh (2003).   For additional insight, the user may want to consult a statistician.

Potential UCL to Use Use 95% Approximate Gamma UCL 75.59

   95% Approximate Gamma UCL 75.59

   95% Adjusted Gamma UCL 81.3

97.5% Chebyshev(Mean, Sd) UCL 113.2

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 156

Kolmogorov-Smirnov 5% Critical Value 0.224    95% BCA Bootstrap UCL 64.68

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 91.39

Anderson-Darling 5% Critical Value 0.777    95% Hall's Bootstrap UCL 73.66

Kolmogorov-Smirnov Test Statistic 0.223    95% Percentile Bootstrap UCL 59.63

   95% Standard Bootstrap UCL 59.22

Anderson-Darling Test Statistic 0.702    95% Bootstrap-t UCL 68.9

Adjusted Level of Significance 0.0335    95% CLT UCL 60.01

Adjusted Chi Square Value 10.07    95% Jackknife UCL 61.26

nu star 19.98

Approximate Chi Square Value (.05) 10.83 Nonparametric Statistics

MLE of Mean 40.99

MLE of Standard Deviation 51.89

Gamma Distribution Test Data Distribution

k star (bias corrected) 0.624 Data appear Gamma Distributed at 5% Significance Level

Theta Star 65.67

   95% Modified-t UCL (Johnson-1978) 61.88    99% Chebyshev (MVUE) UCL 260.3

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL 141.4

   95% Adjusted-CLT UCL (Chen-1995) 64  97.5% Chebyshev (MVUE) UCL 181.5

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL 61.26    95% H-UCL 223.3

Shapiro Wilk Critical Value 0.887 Shapiro Wilk Critical Value 0.887

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.795 Shapiro Wilk Test Statistic 0.912

Skewness 1.29

Relevant UCL Statistics

Std. Error of Mean 11.56

Coefficient of Variation 1.128

Median 26.85 SD of log Data 1.512

SD 46.25

Maximum 143 Maximum of Log Data 4.963

Mean 40.99 Mean of log Data 2.873

Raw Statistics Log-transformed Statistics

Minimum 1.2 Minimum of Log Data 0.182

Farm Parcel Deep

General Statistics

Number of Valid Observations 16 Number of Distinct Observations 14



 

 

APPENDIX B–2 
 

Soil – Summary Statistics 



Variable

Perchlorate 20

ProUCL 4.1.00

5.05 13.68 4.299 2.553 1.26244 68.75 2 58.3

Mean

10.84

Median SD MAD/0.675 Skewness CVNum Ds NumNDs % NDs Minimum Maximum

Appendix B-2

Newfield, New Jersey

Raw Statistics using Detected Observations

Summary Statistics for Raw Data Sets with NDs using Detected Data Only - Soil

Shieldalloy Metallurgical Corporation - OU3
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CENTRAL TENDENCY EVALUATION 



Table 4.1 CTE

Values Used For Daily Intake Calculations

Shieldalloy Metallurgical Corporation - Newfield, NJ

Scenario Timeframe:  Future

Medium:   Groundwater

Exposure Medium: Groundwater

     

Receptor Population Exposure Route Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

On-Site Future Construction/ Dermal Adult Shallow Groundwater DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

Utility Worker EPC
Water Exposure Point 
Concentration -- mg/m3 To Be Determined

EV Event Frequency 1 event/day BPJ where:

EF Exposure Frequency 219 days/year USEPA 1991 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 4 hour/event BPJ, trenching activities

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 1 years USEPA 2002

SA
Skin Surface Area available for 
contact 5672 cm2

Mean adult skin surface area for the 
hands, forearms, lower legs and feet, 
USEPA 2004

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 365 days USEPA 1989

On-Site Future Commercial/ Ingestion Adult Groundwater at the tap EPC
Water Exposure Point 
Concentration -- mg/L To Be Determined

Chronic Daily Intake (CDI) = [EPC x IR x F x EF x 
ED]/[BW x AT] (USEPA 1989)

Industrial Worker (shallow, intermediate and IR Water Ingestion Rate 1.4 L/day USEPA 1997

deep groundwater) EF Exposure Frequency 219 days/year USEPA 1990

ED Exposure Duration 6.6 years USEPA 1997

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 2409 days USEPA 1989

Dermal Adult Groundwater at the tap DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

(shallow, intermediate and EPC
Water Exposure Point 
Concentration -- mg/m3 To Be Determined

deep groundwater) EV Event Frequency 4 event/day BPJ (4 handwashing events/day)

EF Exposure Frequency 219 days/year USEPA 1990 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 0.03 hour/event BPJ (2 minutes/handwashing event)

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 6.6 years USEPA 1997

SA
Skin Surface Area available for 
contact 2479 cm2

Hands, forearms and face for adults, 
USEPA 2004

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 2409 days USEPA 1989
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Table 4.1 CTE

Values Used For Daily Intake Calculations

Shieldalloy Metallurgical Corporation - Newfield, NJ

Scenario Timeframe:  Future

Medium:   Groundwater

Exposure Medium: Groundwater

     

Receptor Population Exposure Route Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Future Resident Ingestion Adult Groundwater at the tap EPC
Water Exposure Point 
Concentration -- mg/L To Be Determined

Chronic Daily Intake (CDI) = [EPC x IR x EF x 
ED]/[BW x AT] (USEPA 1989)

(On-Site, Off-Site, Farm (shallow, intermediate and IR Water Ingestion Rate 1.4 L/day USEPA 1997

Parcel) deep groundwater) EF Exposure Frequency 234 days/year USEPA 1993

ED Exposure Duration 6 years
USEPA 1997, CTE duration of 9 years, 
6 apportioned as adult

BW Body Weight 70 kg USEPA 1997

ATnc Averaging Time - non-cancer 2190 days USEPA 1989

Dermal Adult Groundwater at the tap DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

(shallow, intermediate and EPC
Water Exposure Point 
Concentration -- mg/m3 To Be Determined

deep groundwater) EV Event Frequency 1 event/day BPJ

EF Exposure Frequency 234 days/year USEPA 1990 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 0.58 hour/event USEPA 2004

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 6 years
USEPA 1997, CTE duration of 9 years, 
6 apportioned as adult

SA
Skin Surface Area available for 
contact 18150 cm2

Whole body surface area for adults, 
USEPA 2004

BW Body Weight 70 kg USEPA 1997 

ATnc Averaging Time - non-cancer 2190 days USEPA 1989

Future Resident Ingestion Child Groundwater at the tap EPC
Water Exposure Point 
Concentration -- mg/L To Be Determined

Chronic Daily Intake (CDI) = [EPC x IR x EF x 
ED]/[BW x AT] (USEPA 1989)

(On-Site, Off-Site, Farm (shallow, intermediate and IR Water Ingestion Rate 0.68 L/day USEPA 1997

Parcel) deep groundwater) EF Exposure Frequency 234 days/year USEPA 1990

ED Exposure Duration 3 years
USEPA 1997, CTE duration of 9 years, 
3 apportioned as child

BW Body Weight 15 kg USEPA 1997

ATnc Averaging Time - non-cancer 1095 days USEPA 1989

Dermal Child Groundwater at the tap DAevent Absorbed Dose per Event Calculated mg/cm2-event USEPA 2004
Dermal Absorbed Dose (DAD) = (Daevent x EV x 
EF x ED x SA)/(BW x AT) (USEPA 2004)

(shallow, intermediate and EPC
Water Exposure Point 
Concentration -- mg/m3 To Be Determined

deep groundwater) EV Event Frequency 1 event/day BPJ where:

EF Exposure Frequency 234 days/year USEPA 1990 DAevent = EPC x Kp x tevent (USEPA 2004)

tevent Event Duration 1 hour/event USEPA 2004 (child bathing default)

Kp Permeability coefficient Chemical Specific cm/hr USEPA 2004

ED Exposure Duration 3 years
USEPA 1997, CTE duration of 9 years, 
3 apportioned as child

SA
Skin Surface Area available for 
contact 6600 cm2

Whole body surface area for children 0 -
6 yrs old, USEPA 2004

BW Body Weight 15 kg USEPA 1997

ATnc Averaging Time - non-cancer 1095 days USEPA 1989
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Absorbed Dose Kp Cw
Absorbed Dose Absorbed Dose Absorbed Dose Per Event Dermal Chemical Concentration

Constituent Per Event Per Event Per Event (mg/cm2-event) Permeability in Groundwater (a)
(mg/cm2-event) (mg/cm2-event) (mg/cm2-event) Industrial Commercial Coefficient Utility/Construction Worker 
Adult Resident Child Resident Utility/Construction Worker  Worker (cm/hr) Shallow Intermediate Deep Shallow

(mg/cm3) (mg/cm3) (mg/cm3) (mg/cm3)

Perchlorate - shallow aquifer 9.1E-09 1.6E-08 6.3E-08 4.7E-10 1.00E-03 1.56E-05 1.56E-05

Perchlorate - intermediate aquifer 2.2E-09 3.8E-09 1.1E-10 1.00E-03 3.78E-06

Perchlorate - deep aquifer 4.6E-09 8.0E-09 2.4E-10 1.00E-03 7.95E-06

a. Table 3.1  (average concentration) x 1E-06

Inorganics:

Daevent = Kp x Cw x tevent

tevent - groundwater

Adult Resident 0.58 hr (35 minutes)

Child Resident 1 hr

Utility/Construction Worker 4 hr 

Industrial Commercial Worker 0.03 hr (2 minutes)

On-Site Resident, Industrial Commercial Worker

Cw
Chemical 

Concentration in Groundwater (a)

Table 4.1CTE Supplemental A
DAevent Model

Dermal Exposure - On-Site Groundwater



Kp
Absorbed Dose Absorbed Dose Dermal 

Constituent Per Event Per Event Permeability 
(mg/cm2-event) (mg/cm2-event) Coefficient
Adult Resident Child Resident (cm/hr) Shallow Intermediate Deep

(mg/cm3) (mg/cm3) (mg/cm3)

Perchlorate - shallow aquifer 8.1E-10 1.4E-09 1.00E-03 1.40E-06

Perchlorate - intermediate aquifer 4.8E-09 8.3E-09 1.00E-03 8.27E-06

Perchlorate - deep aquifer 1.2E-08 2.1E-08 1.00E-03 2.09E-05

a. Table 3.2 (average concentration) x 1E-06

Inorganics:

Daevent = Kp x Cw x tevent

tevent - groundwater

Adult Resident 0.58 hr (35 minutes)

Child Resident 1 hr

Table 4.1CTE Supplemental B
DAevent Model

Incidental Dermal Exposure - Off-Site Groundwater

Resident

Cw
Chemical Concentration

in Groundwater (a)



Kp
Absorbed Dose Absorbed Dose Dermal 

Constituent Per Event Per Event Permeability 
(mg/cm2-event) (mg/cm2-event) Coefficient
Adult Resident Child Resident (cm/hr) Shallow Intermediate Deep

(mg/cm3) (mg/cm3) (mg/cm3)

Perchlorate - shallow aquifer 3.0E-09 5.2E-09 1.00E-03 5.21E-06

Perchlorate - intermediate aquifer 4.3E-09 7.5E-09 1.00E-03 7.47E-06

Perchlorate - deep aquifer 2.4E-08 4.1E-08 1.00E-03 4.10E-05

a. Table 3.3 (average concentration) x 1E-06

Inorganics:

Daevent = Kp x Cw x tevent

tevent - groundwater

Adult Resident 0.58 hr (35 minutes)

Child Resident 1 hr

Table 4.1CTE Supplemental C
DAevent Model

Dermal Exposure - Farm Parcel Groundwater

Resident

Cw
Chemical Concentration

in Groundwater (a)



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern

Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient
Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site Tapwater Ingestion Perchlorate 1.6E-02 mg/L 1.9E-05 mg/kg-day NA NA 4.5E-04 mg/kg-day 7.E-04 mg/kg-d 6.5E-01
Shallow Aquifer Exp. Route Total NA 6.5E-01

Dermal Contact Perchlorate 1.6E-02 mg/L 1.9E-07 mg/kg-day NA NA 4.4E-06 mg/kg-day 7.E-04 mg/kg-d 6.3E-03

Exp. Route Total NA 6.3E-03

Exposure Point Total NA 6.6E-01

Exposure Medium Total NA 6.6E-01

Medium Total NA 6.6E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Ac     6.6E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.2a.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration

Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - On-Site  Tapwater Ingestion Perchlorate 8.0E-03 mg/L 9.9E-06 mg/kg-day NA NA 2.3E-04 mg/kg-day 7.E-04 mg/kg-d 3.3E-01
Deep Aquifer Exp. Route Total NA 3.3.E-01

Dermal Contact Perchlorate 8.0E-03 mg/L 9.6E-08 mg/kg-day NA NA 2.2E-06 mg/kg-day 7.E-04 mg/kg-d 3.2E-03

Exp. Route Total NA 3.2E-03

Exposure Point Total NA 3.3E-01

Exposure Medium Total NA 3.3E-01

Medium Total NA 3.3E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  3.3E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.3.2c.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Off-Site Tapwater Ingestion Perchlorate 2.1E-02 mg/L 2.3E-05 mg/kg-day NA NA 2.7E-04 mg/kg-day 7.E-04 mg/kg-d 3.8E-01
Deep Aquifer Exp. Route Total NA 3.8.E-01

Dermal Contact Perchlorate 2.1E-02 mg/L 6.2E-07 mg/kg-day NA NA 7.3E-06 mg/kg-day 7.E-04 mg/kg-d 1.0E-02

Exp. Route Total NA 1.0E-02

Exposure Point Total NA 3.9E-01

Exposure Medium Total NA 3.9E-01

Medium Total NA 3.9E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  3.9E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.1c.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Off-Site Tapwater Ingestion Perchlorate 8.3E-03 mg/L 1.0E-05 mg/kg-day NA NA 2.4E-04 mg/kg-day 7.E-04 mg/kg-d 3.4E-01
Intermediate Aquifer Exp. Route Total NA 3.4.E-01

Dermal Contact Perchlorate 8.3E-03 mg/L 1.0E-07 mg/kg-day NA NA 2.3E-06 mg/kg-day 7.E-04 mg/kg-d 3.3E-03

Exp. Route Total NA 3.3E-03

Exposure Point Total NA 3.5E-01

Exposure Medium Total NA 3.5E-01

Medium Total NA 3.5E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  3.5E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.2b.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Off-Site Tapwater Ingestion Perchlorate 2.1E-02 mg/L 2.6E-05 mg/kg-day NA NA 6.1E-04 mg/kg-day 7.E-04 mg/kg-d 8.7E-01
Deep Aquifer Exp. Route Total NA 8.7.E-01

Dermal Contact Perchlorate 2.1E-02 mg/L 2.5E-07 mg/kg-day NA NA 5.9E-06 mg/kg-day 7.E-04 mg/kg-d 8.4E-03

Exp. Route Total NA 8.4E-03

Exposure Point Total NA 8.7E-01

Exposure Medium Total NA 8.7E-01

Medium Total NA 8.7E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  8.7E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.4.2c.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 4.1E-02 mg/L 4.5E-05 mg/kg-day NA NA 5.3E-04 mg/kg-day 7.E-04 mg/kg-d 7.5E-01
Deep Aquifer Exp. Route Total NA 7.5.E-01

Dermal Contact Perchlorate 4.1E-02 mg/L 3.4E-07 mg/kg-day NA NA 4.0E-06 mg/kg-day 7.E-04 mg/kg-d 5.6E-03

Exp. Route Total NA 5.6E-03

Exposure Point Total NA 7.6E-01

Exposure Medium Total NA 7.6E-01

Medium Total NA 7.6E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  7.6E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.1c.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



oy Metallurgical Corporation - OU3
Newfield, New Jersey

Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of
Potential Concern Value Units Cancer Risk Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 5.2E-03 mg/L 6.5E-06 mg/kg-day NA NA 1.5E-04 mg/kg-day 7.E-04 mg/kg-d 2.2E-01
Shallow Aquifer Exp. Route Total NA 2.2.E-01

Dermal Contact Perchlorate 5.2E-03 mg/L 6.3E-08 mg/kg-day NA NA 1.5E-06 mg/kg-day 7.E-04 mg/kg-d 2.1E-03

Exp. Route Total NA 2.1E-03

Exposure Point Total NA 2.2E-01

Exposure Medium Total NA 2.2E-01

Medium Total NA 2.2E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  2.2E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.2a.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Intake/Exposure Concentration
EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Intake/Exposure Concentration RfDCSFo



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 7.5E-03 mg/L 9.3E-06 mg/kg-day NA NA 2.2E-04 mg/kg-day 7.E-04 mg/kg-d 3.1E-01
Intermediate Aquifer Exp. Route Total NA 3.1.E-01

Dermal Contact Perchlorate 7.5E-03 mg/L 9.0E-08 mg/kg-day NA NA 2.1E-06 mg/kg-day 7.E-04 mg/kg-d 3.0E-03

Exp. Route Total NA 3.0E-03

Exposure Point Total NA 3.1E-01

Exposure Medium Total NA 3.1E-01

Medium Total NA 3.1E-01

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  3.1E-01
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.2b.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Non-Cancer Hazard Calculations
Potential Concern Value Units CSFo Cancer Risk Intake/Exposure Concentration RfD Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater - Farm Parcel Tapwater Ingestion Perchlorate 4.1E-02 mg/L 5.1E-05 mg/kg-day NA NA 1.2E-03 mg/kg-day 7.E-04 mg/kg-d 1.7E+00
Deep Aquifer Exp. Route Total NA 1.7.E+00

Dermal Contact Perchlorate 4.1E-02 mg/L 5.0E-07 mg/kg-day NA NA 1.2E-05 mg/kg-day 7.E-04 mg/kg-d 1.7E-02

Exp. Route Total NA 1.7E-02

Exposure Point Total NA 1.7E+00
Exposure Medium Total NA 1.7E+00

Medium Total NA 1.7E+00

Total of Receptor Risks Across All Media  NA Total of Receptor Hazards Across All Media  1.7E+00
Bold = Cancer Risk >1E-06 or HI >1E+00

TABLE 7.5.2c.CTE
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Sheildalloy Metallurgical Corporation - OU3
Newfield, New Jersey

Intake/Exposure Concentration
Cancer Risk Calculations



TABLE 9.3.2a.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 6.5E-01 6.3E-03 6.6E-01

Shallow Aquifer Chemical Total NA 6.6E-01

Exposure Point Total NA 6.6E-01

Exposure Medium Total NA 6.6E-01

Medium Total NA 6.6E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  6.6E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.3.2c.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - On-Site Tap Water Perchlorate NA NA NA Thyroid 3.3E-01 3.2E-03 3.3E-01

Deep Aquifer Chemical Total NA 3.3E-01

Exposure Point Total NA 3.3E-01

Exposure Medium Total NA 3.3E-01

Medium Total NA 3.3E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  3.3E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.1c.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 3.8E-01 1.0E-02 3.9E-01

Deep Aquifer Chemical Total NA 3.9E-01

Exposure Point Total NA 3.9E-01

Exposure Medium Total NA 3.9E-01

Medium Total NA 3.9E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  3.9E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.2b.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 3.4E-01 3.3E-03 3.5E-01

Intermediate Aquifer Chemical Total NA 3.5E-01

Exposure Point Total NA 3.5E-01

Exposure Medium Total NA 3.5E-01

Medium Total NA 3.5E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  3.5E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.4.2c.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Off-Site Tap Water Perchlorate NA NA NA Thyroid 8.7E-01 8.4E-03 8.7E-01

Deep Aquifer Chemical Total NA 8.7E-01

Exposure Point Total NA 8.7E-01

Exposure Medium Total NA 8.7E-01

Medium Total NA 8.7E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  8.7E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.1c.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 7.5E-01 5.6E-03 7.6E-01

Deep Aquifer Chemical Total NA 7.6E-01

Exposure Point Total NA 7.6E-01

Exposure Medium Total NA 7.6E-01

Medium Total NA 7.6E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  7.6E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.2a.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 2.2E-01 2.1E-03 2.2E-01

Shallow Aquifer Chemical Total NA 2.2E-01

Exposure Point Total NA 2.2E-01

Exposure Medium Total NA 2.2E-01

Medium Total NA 2.2E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  2.2E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.2b.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 3.1E-01 3.0E-03 3.1E-01

Intermediate Aquifer Chemical Total NA 3.1E-01

Exposure Point Total NA 3.1E-01

Exposure Medium Total NA 3.1E-01

Medium Total NA 3.1E-01

Receptor Total Receptor Risk Total  NA Receptor HI Total  3.1E-01

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey



TABLE 9.5.2c.CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE

Scenario Timeframe:   Future

Receptor Population:  Resident

Receptor Age:  Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure 

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater - Farm Parcel Tap Water Perchlorate NA NA NA Thyroid 1.7E+00 1.7E-02 1.7E+00

Deep Aquifer Chemical Total NA 1.7E+00

Exposure Point Total NA 1.7E+00

Exposure Medium Total NA 1.7E+00

Medium Total NA 1.7E+00

Receptor Total Receptor Risk Total  NA Receptor HI Total  1.7E+00

Bold = Cancer Risk >1E-06 or HI >1E+00

Sheildalloy Metallurgical Corporation - OU3

Newfield, New Jersey
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1.0 INTRODUCTION 
 

TRC Environmental Corporation (TRC) has prepared this Operable Unit 3 (OU3) Screening 

Level Ecological Risk Assessment (SLERA) on behalf of the Shieldalloy Metallurgical 

Corporation (SMC) for the SMC facility, located in Newfield, New Jersey (Site or SMC facility).  

TRC and SMC executed the Administrative Order of Consent for the Site with the U.S. 

Environmental Protection Agency (USEPA) on April 28, 2010.  The Administrative Order of 

Consent defined Operable Unit 3 (OU3)1 as perchlorate (all media).  The SLERA satisfies 

Section IV, Task III.B of Appendix A, Statement of Work to the Administrative Order of 

Consent’s Scope of Work.     

 

 This OU3 SLERA describes existing habitats and ecological receptor species that have 

been noted or are expected to be present at the Site and evaluates the potential risks associated 

with the exposure of these biota to perchlorate detected in surface water, sediment and/or surface 

soil during previous investigations.  The objective of this risk assessment is to evaluate whether 

perchlorate present on or in the vicinity of the Site may pose adverse impacts to biota and to 

determine whether a more site-specific evaluation is needed to assess whether adverse impacts 

are occurring within specific exposure areas.   

 This ecological risk assessment was conducted in accordance with the following U.S. 

Environmental Protection Agency (USEPA) guidance: 

• Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessments. EPA/540/R-97-006. June 1997 (USEPA, 
1997). 

 
• Guidelines for Ecological Risk Assessment. EPA/630/R-958/002Fa. May 1998 (USEPA, 

1998). 
 

                                                 
1This OU3 SLERA pertains specifically to OU3, which includes perchlorate-contaminated soils, 
sediments and  surface water.  OU2 (non-perchlorate contaminants – soil, surface water and sediment) is 
addressed in the previously submitted OU2 SLERA and BERA.  OU1 is also addressed in other 
documents. 
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 The USEPA (1997) document outlines an 8-step process, including numerous 

scientific/management decision points (SMDPs), for evaluating potential ecological risks to 

potential receptors.  The SLERA (Steps 1 and 2) is a streamlined version of the complete 

process, and is intended to allow a rapid determination as to whether the Site either poses no 

ecological risks, or to identify which contaminants and exposure pathways require further 

evaluation.  If no risks are estimated during the screening level evaluation using conservative 

assumptions, the ecological risk assessment process stops at that point.  If the screening level 

evaluation predicts risks to ecological receptors, then further evaluation is required.  One 

objective of the 8-step approach is to characterize and quantify, as appropriate, the current and 

future ecological risks at the site if a no-action alternative is implemented. 

 The SLERA consists of a screening level problem formulation, ecological effects 

evaluation, preliminary exposure estimates and risk calculation (Steps 1 and 2).  This OU3 

SLERA provides introductory information in Section 1.  Section 2 describes the ecological 

resources present at the Site, formulates the risk assessment problem including complete 

exposure pathways, proposed assessment endpoints and measures of effect, and discusses the 

fate/transport mechanisms for perchlorate.  Perchlorate exposure to ecological receptors is 

characterized in Section 3 along with an assessment of perchlorate effects to ecological receptors 

based on a review of available studies and literature.  Section 4 characterizes risk to ecological 

receptors inhabiting the Site.  Section 5 presents a summary of the OU3 SLERA and a list of 

references cited in the OU3 SLERA is provided in Section 6.  



 
 

Final OU3 Screening Level Ecological 2-1 Shieldalloy Metallurgical Corporation 
Risk Assessment  May 2013 

2.0 PROBLEM FORMULATION  
 
 The Problem Formulation consists of an evaluation of the following: 

• Environmental Setting; 
• Perchlorate Fate and Transport; 
• Complete Exposure Pathways; and  
• Site Conceptual Model. 

 
 The Environmental Setting section briefly describes habitats present at or nearby the Site.  

Perchlorate usage at the SMC Facility is discussed in this section along with the fate and 

transport mechanisms of perchlorate.  Complete exposure pathways are also identified.  The 

results of these components are then used to develop the Site Conceptual Model. 

2.1 Environmental Setting  

The SMC facility comprises approximately 67.7 acres.  The on-site acreage consists of lot 

and block numbers in Newfield and Vineland, New Jersey, which are in Gloucester and 

Cumberland Counties, respectively.  SMC also owns 19.8 acres of farmland in Vineland, New 

Jersey, within Cumberland County.  This 19.8 acre parcel is approximately 2,000 feet southwest 

of the main SMC facility.  SMC purchased the Farm Parcel to facilitate groundwater 

remediation, as a pumping well is sited on this parcel.  The Farm Parcel has never been used for 

manufacturing or related activities.  A site location map is provided in Figure 1.   

 

The Site is characterized by sandy unconsolidated soils and flat to gently sloping terrain.  

The SMC facility is characterized by existing and former building locations that were used for 

manufacturing, an area where former wastewater treatment lagoons were located, an existing 

drainage basin, and the Storage Yard, located east of the manufacturing area, which historically 

has been used to store waste materials, including slag, generated as a result of the former 

manufacturing processes.   

 

The Hudson Branch flows along the southern portion of the Site, with its headwaters 

located to the east (Figure 2).  The headwaters of the Hudson Branch are characterized by an 

extensive wetland that develops into a ponded area, from which the Hudson Branch flows along 

a stream course along the southern border of the site.  The Hudson Branch is a tributary to Burnt 
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Mill Pond, from which the Burnt Mill Branch flows to the Maurice River.  Portions of the 

Hudson Branch have been observed to gain surface water (areas of ground water release) during 

portions of the year while other areas appear to lose surface water (ground water recharge areas).  

However, surface water release and recharge is variable within reaches of the Hudson Branch 

and reflects temporal changes due to seasonality and in response to precipitation events. 

 

Several aquatic, wetland and terrestrial habitats are present at the Site or in association 

with the Hudson Branch.  These habitats consist of perennial stream (Hudson Branch), ponds 

(ponded portions of the Hudson Branch), palustrine emergent marsh, palustrine scrub-shrub 

wetland, palustrine forested wetland, forested upland and maintained grassland areas.  In 

addition, disturbed areas that are devoid of vegetation are present throughout the developed 

portions of the Site.  The various habitats and potential receptors are described in more detail in 

TRC (2012). 

 

2.2 Perchlorate Fate and Transport 

Perchlorate Historical Site Use 

Specialty glass manufacturing began at the Site in 1924.  SMC purchased the Site in the 

early 1950s and, from 1955 to approximately 2007, SMC manufactured specialty steel and super 

alloy additives, primary aluminum master alloys, metal carbides, powdered metals and optical 

surfacing products at the Site.  Raw materials used at the facility included ores which contained 

oxides of columbium (niobium), vanadium, aluminum metal, titanium metal, strontium metal, 

zirconium metal, and fluoride (titanium and boron) salts.   

  

The Former Production Area is located in the northwest part of the SMC facility and is 

the area where the majority of former manufacturing activities occurred.  According to 

information provided by SMC staff generally familiar with past operational practices, potassium 

perchlorate was used as an oxidizer in the on-site furnace to increase temperature and enhance 

furnace performance.  The perchlorate was destroyed in the process by reacting with aluminum 

metal, according to the following chemical reaction, and simple chloride salts were generated as 

the product: 
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3 KClO4 + 8 Al = 3 KCl + 4 Al2O3 

 

The furnace was located within the footprint of former Building D102(A), attached to but 

isolated from Building D112 (Figure 2).  Both buildings have since been demolished.  Building 

D102(A) was characterized by an earthen floor (although the area surrounding the building is 

paved).  According to historical purchase order records, SMC purchased approximately 400,000 

pounds of potassium perchlorate from 1974 to 1992 for this operational activity. 

  

Potassium perchlorate was typically packaged and shipped to the Site in 110-, 250-, and 

350-pound, plastic-lined steel drums.  Prior to being used in the furnace, this product was 

reportedly stored on site in a former small metal outbuilding (referred to as the Former Chemical 

Storage Building), east of former Building D102(A) and near the unpaved road forming the 

northwest boundary of the slag piles. This Former Chemical Storage Building was characterized 

by a concrete interior floor and berm around the building’s perimeter.  The Former Chemical 

Storage Building and adjacent unpaved road are identified as an area of concern (AOC 1) with 

respect to historical perchlorate storage practices. Currently, this area is covered with gravel with 

some light vegetation present.  Furthermore, since the product was used in former Building 

D102(A), the general footprint of this building has been identified as AOC 2 relative to historical 

perchlorate usage.  AOC 2 currently consists of the original earthen floor of the demolished 

buildings (D102(A) and D112) and asphalt or concrete pavement immediately surrounding the 

area of the footprints of the former buildings.  Therefore, based on this information, the storage 

and usage of perchlorate on site were limited to these areas.  The locations of AOC 1 and AOC 2 

are shown on Figure 2. 

 

 Since perchlorate was completely destroyed in the heating process by reacting with 

aluminum to form chlorides, there was no general release from this process.  Only incidentally 

spilled material or small amounts of incompletely reacted material would potentially be released 

into the environment.  One possible disposition for the incompletely reacted/residual perchlorate 

was release to the former lagoon area and this possible discharge point of the historical liquid 

wastes has therefore been identified as AOC 3.  The location of AOC 3 is shown on Figure 2.  

The former lagoon area is located in the central portion of the Site and includes closed lagoons 
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that were used from the 1960s to the 1990s for wastewater treatment.  In May 1992, use of all 

nine lagoons was discontinued.  The nine lagoons were characterized, remediated, and closed 

from 1994 to 1997.  Closure activities included sludge removal, liner removal, contaminated soil 

removal, post-excavation sampling, and backfilling.  In a letter dated August 10, 2001, the 

NJDEP approved the lagoons closure report (NJDEP, 2001).  Currently, AOC 3 is covered by 

light vegetation, which includes small trees and grass.  A more detailed description of the 

facility’s site history, physical setting and environmental activities are provided in TRC’s OU3 

Perchlorate Site Characterization Summary Report (TRC, 2011). 

Areas surrounding the SMC facility are used for farming.  It should also be noted that on 

a regional basis, certain perchlorate-containing fertilizers were used for agriculture.  The exact 

extent of the fertilizer use has not been studied, but, as identified in the OU3 Site 

Characterization Summary Report (TRC, 2011), provides a potential source of regional 

perchlorate. 

 

Perchlorate Fate and Transport 

 Contaminant release and transport mechanisms carry perchlorate from the source to 

points where ecological receptors may be exposed.  Perchlorate does not bind to soil particles but 

will readily dissolve in any available moisture.  If sufficient infiltration of precipitation occurs, 

perchlorate will be readily leached from the soil.  Potassium perchlorate is highly soluble in 

water, as its solubility has been reported to be 15 grams per liter (g/L) at 25ºC (ITRC, 2005; 

USACHPPM, 2007).  Specific degradation rates (i.e., half-lives) in the environment were not 

located in the literature.  However, perchlorate is very stable and will not react or degrade in 

solution under ambient environmental conditions (ITRC, 2005).  Biodegradation of perchlorate 

in groundwater will only occur in the presence of perchlorate-degrading anaerobic bacteria and 

significant levels of organic carbon, with oxygen and nitrate absent (ITRC, 2005).  Due to its 

high kinetic barrier for reacting with other constituents in water, perchlorate can persist in 

surface water or groundwater for more than 10 years (USACHPPM, 2007).   

 Perchlorate present in solution within soil can be taken up by plant roots where it may 

potentially be concentrated in plant tissues (ITRC, 2005).  Plants tended to concentrate 
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perchlorate in aerial plant parts, particularly leaves, followed by stems, then roots (USEPA, 

2002).  A bioaccumulation factor of 43 was previously reported (Ellington et al., 2000) for 

perchlorate concentrations in tobacco leaves (wet weight) compared to soil (dry weight).  No 

information regarding bioaccumulation of perchlorate from soil into invertebrate tissues was 

noted in the literature.  Bioconcentration of contaminants from soil into invertebrate tissue is the 

result of several factors such as the log Kow factor of the contaminant and the lipid content of the 

soil invertebrate (Jager, 1998).  The very low log Kow (-7.18) for potassium perchlorate is likely 

to result in little bioaccumulation in soil invertebrates (ITRC, 2005; USACHPPM, 2007).   

 Perchlorate is believed to have a limited ability to bioconcentrate in aquatic systems 

(USACHPPM, 2007), although some studies have reported that bioaccumulation of perchlorate 

in aquatic organisms inhabiting contaminated surface water bodies does occur (USEPA, 2002).  

However, due to the low biological residence time of perchlorate in organisms, potential 

ecological risks are likely to be restricted to those primary trophic level receptors that are just 

above the plants or animals exposed to perchlorate in a contaminated media (Callahan and 

Sprenger, 1998).  It is likely that prolonged and sustained exposure would be necessary to 

produce an adverse effect in most lower trophic level organisms (Callahan and Sprenger, 1998).   

 At the Site, it is possible that a historical release or use of perchlorate has impacted the 

underlying groundwater, since 1) perchlorate is highly soluble in water; 2) the aquifer materials 

consist of the Cohansey Sand, which is comprised of coarse sands and little silt overlying 

generally finer sand and some clay and silt lenses; and 3) there is little to no organic matter 

within the Cohansey Sand to attenuate the movement of perchlorate through both the vadose and 

saturated zones.  Perchlorate present in shallow groundwater may then potentially discharge to 

the adjacent Hudson Branch. 

2.3 Complete Exposure Pathways 

 A variety of exposure pathways may potentially affect ecological receptors in the vicinity 

of the Site.  Aquatic organisms such as invertebrates and fish that inhabit the aquatic habitat 

provided by the Hudson Branch adjacent to and downstream of the Site are directly in contact 

with perchlorate that may be present in surface water and sediment.  For these aquatic habitats, 

additional exposure pathways potentially exist to semi-aquatic receptors, such as amphibians, 
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that breed and complete at least a significant portion of their life cycle in aquatic habitats.  

Dietary exposure to higher trophic level receptors is not included as a complete exposure 

pathway, due to the uncertainty associated with the bioaccumulation of perchlorate within 

aquatic systems.      

 Portions of the SMC facility itself provide potential habitat for terrestrial plants, soil 

invertebrates, and some wildlife including herbivorous species, such as mourning doves and 

white-footed mice.  Terrestrial plants and soil invertebrates are directly exposed to perchlorate 

that may be present in surface soils while terrestrial herbivores may be exposed to perchlorate 

due to potential ingestion of contaminated plants that have bioaccumulated elevated levels of 

perchlorate within their tissues from impacted surface soils.  In addition, these receptors may 

also be exposed to perchlorate through incidental ingestion of soil during foraging, grooming or 

preening activities.  Due to the low bioconcentration potential of perchlorate into soil 

invertebrates or higher trophic level species, such as small mammals and birds, complete 

exposure pathways for invertivores or carnivores are not present.   

 Exposure of biota to airborne contamination (through volatization or fugitive dust 

emissions) via inhalation is not expected to represent a significant pathway for perchlorate 

because of its low partitioning to air (low vapor pressure).  Ecological receptors are also not 

anticipated to be directly exposed to perchlorate in groundwater, although the evaluation of 

surface water and sediment within the adjacent aquatic habitat of the Hudson Branch indirectly 

evaluates perchlorate possibly transported to these media through groundwater discharge.   

 A complete exposure pathway exists if the ecological receptors have contact with 

perchlorate in one or more medium and there is an exposure route (ingestion, direct contact) to 

the receptor.  Organisms most likely to receive potential exposures to perchlorate are those 

whose activities frequently bring them into direct contact with surface water, sediment and/or 

surface soil or that feed upon vegetation which has been reported to bioconcentrate perchlorate 

from the soil into their tissues.  Indicator species were selected to represent various components 

of the food chain present in the vicinity of the Site that may be exposed to perchlorate.   

ELaCosta
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2.4 Site Conceptual Model 

 The site conceptual model developed for the SMC facility is based primarily on the 

information provided above concerning the environmental setting, fate and transport 

characteristics, and the complete exposure pathways that were identified.  Figure 3 presents a 

simplified conceptual site model for the SMC facility for use in evaluating ecological risks 

associated with perchlorate.  Ecological receptors and important exposure pathways are 

identified for both aquatic and terrestrial habitats.   

 Past activities associated with the operations at the Site may have resulted in soil 

contamination of terrestrial habitat which was subsequently leached into groundwater and 

discharged to the aquatic habitats present in the adjacent Hudson Branch.  As discussed 

previously, regional use of perchlorate-containing fertilizers may also be a source of perchlorate 

in environmental media at or near the Site.  Important components of the ecological community 

include plants, insects and other invertebrates, amphibians, reptiles, birds and mammals that 

represent a diverse assemblage of feeding guilds.  Perchlorate detected within the surface water, 

sediments and surface soils of the Site may potentially affect ecological receptors directly via 

contact (e.g., algae contacting perchlorate in surface water, benthic invertebrate community 

contacting perchlorate in contaminated sediments) or they may bioaccumulate within vegetation 

that is subsequently consumed by receptors occupying higher trophic levels.  

2.4.1 Assessment Endpoints 

 Assessment endpoints represent an expression of an ecological attribute that is to be 

protected.  The selection of the assessment endpoints considered the following: 

• Existing habitats and species potentially present at the Site; 
• The presence/absence of perchlorate; 
• Modes of perchlorate toxicity to various receptors; 
• Ecologically relevant receptors that are valued by society, potentially sensitive or likely 

to be highly exposed to life history attributes; and 
• Potentially complete exposure pathways. 

 
The potential for chemicals to accumulate in plants and organisms has been shown to 

correlate well with the Kow of the chemical (Travis and Arms, 1988; USEPA, 1995).   For plant 

uptake, the bioconcentration potential of a chemical is inversely proportional to the square root 
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of its Kow which is expected since transport from soil to above-ground vegetation parts is 

dependent on a chemical’s solubility in water (which is inversely proportional to its log Kow 

value).  The low log Kow (-7.14) value for perchlorate results in very high solubility in water.  

Therefore, there is the potential for significant uptake in vegetation and herbivorous birds and 

mammals were subsequently included as assessment endpoints.   

 For bioaccumulation in aquatic and terrestrial organisms, the potential for significant 

accumulation is directly proportional to its log Kow value.  Although chemicals with log Kow 

values in the 2.0 to 7.0 range have some potential to bioaccumulate in organisms (Connell, 

1990), significant bioconcentration into aquatic or terrestrial organisms does not generally occur 

for chemicals with log Kow values less than 3.0 (Maki and Duthie, 1978) to 5.0 (Gobas and 

Mackay, 1990).  USEPA (1985) recommends that only chemicals with log Kow values above 3.5 

be considered for evaluation of bioaccumulation potential since chemicals with log Kow values 

below this level are not likely to bioaccumulate to any significant degree.  Based on a review of 

terrestrial food web data, Garten and Trabalka (1983) concluded that chemicals with log Kow 

values greater than 3.5 have the potential to significantly bioaccumulate from food to mammals.  

Based on the information above, a log Kow value of 3.0 reasonably represents the lower range for 

defining a chemical with the potential to bioaccumulate within aquatic and terrestrial organisms.  

The log Kow of -7.14 previously noted for perchlorate results in very low potential for uptake in 

organisms.  Therefore, insectivorous and piscivorous birds and mammals were not included as 

assessment endpoints. 

 The selected assessment endpoints represent both community level endpoints (e.g., 

benthic macroinvertebrate diversity and productivity) and population level endpoints (e.g., 

survival, growth and reproduction of particular guilds such as herbivorous birds).  The 

assessment endpoints selected for the OU3 SLERA are: 

Fish Community Richness and Productivity 

 Fish present within the Hudson Branch may be adversely affected by the presence of 

perchlorate within the surface water.  Concentrations of perchlorate in the surface water of the 

Hudson Branch adjacent to and downstream of the Site may result in decreased species richness 
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or populations of fish through increased mortality or a reduction in their growth and/or 

reproduction.  The proposed assessment endpoint is:  

Protection of the fish community from toxic effects that could adversely affect their 

diversity or abundance through direct exposure to perchlorate present within surface 

water. 

Aquatic Macoinvertebrate Community Diversity and Abundance 

 Aquatic macroinvertebrates present within the Hudson Branch may be adversely affected 

by the presence of perchlorate within the surface water and/or sediment.  Concentrations of 

perchlorate in the surface water or sediment of the Hudson Branch adjacent to and downstream 

of the Site may result in lower populations or biomass of invertebrates through increased 

mortality or a reduction in their growth and/or reproduction.  The proposed assessment endpoint 

is:  

Protection of the aquatic macroinvertebrate community from toxic effects that could 

adversely affect their diversity or abundance through direct exposure to perchlorate 

present within surface water and sediment. 

Amphibian Survival, Reproduction, and Growth 

 Amphibian species associated with the Hudson Branch may breed, forage and spend a 

significant portion of their life cycle within this aquatic habitat.  Concentrations of perchlorate in 

the surface water of the Hudson Branch adjacent to and downstream of the Site may result in 

decreased species richness or populations of amphibians through increased mortality, a reduction 

in their metamorphosis and/or reproduction.  The proposed assessment endpoint is:  

Protection of amphibians from toxic effects that could adversely affect their survival, 

reproduction, or metamorphosis through direct exposure to perchlorate present within 

surface water. 
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Terrestrial Plant Survival and Growth 

 Vegetation associated with the terrestrial habitat of the SMC facility is exposed to 

perchlorate present within the surface soils.  Concentrations of perchlorate in the surface soil 

within these areas may result in lower populations or biomass of terrestrial vegetation through 

increased mortality or a reduction in vegetative growth.  The proposed assessment endpoint is:  

Protection of terrestrial plants from toxic effects that could adversely affect their survival 

or growth through exposure to surface soil perchlorate concentrations. 

Soil Invertebrate Community Diversity and Abundance 

 Soil invertebrates such as earthworms present within the terrestrial habitats of the SMC 

facility may be adversely affected by the presence of perchlorate within the surface soil.  

Concentrations of perchlorate in the surface soil may result in lower populations or biomass of 

invertebrates through increased mortality or a reduction in their growth and/or reproduction.  The 

proposed assessment endpoint is:  

Protection of the soil invertebrate community from toxic effects that could adversely 

affect invertebrate diversity or abundance through direct exposure to perchlorate present 

within surface soil. 

Avian Terrestrial Herbivore Survival, Reproduction and Growth 

 Birds present at the SMC facility may forage within the terrestrial habitats on plants (e.g., 

leaves, seeds).  Vegetation may accumulate perchlorate within its tissues and be consumed by 

foraging herbivorous avian species, resulting in potentially toxic effects.  In addition, surface 

soils associated with these habitats may be ingested by these receptors during their foraging 

activities.  The proposed assessment endpoint is:  

Protection of herbivorous birds from toxic effects that could adversely affect their 

survival, reproduction, or growth through exposure to perchlorate from ingestion of 

vegetation as well as incidental ingestion of perchlorate in surface soils. 
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Mammalian Herbivore Survival, Reproduction and Growth 

 Perchlorate present within plants that are growing within the terrestrial habitats 

associated with the SMC facility may adversely affect foraging mammalian herbivores.  As the 

vegetation is subsequently consumed by herbivores foraging within these habitats, perchlorate 

may bioaccumulate into the tissues of the plants and toxic effects may occur.  These receptors 

may also ingest surface soil during their foraging activities.  The proposed assessment endpoint 

is: 

Protection of herbivorous mammals from toxic effects that could adversely affect their 

survival, reproduction, or growth through exposure to perchlorate from ingestion of 

vegetation and incidental ingestion of perchlorate-contaminated surface soils. 

2.4.2 Measurement Endpoints 

 Measurement endpoints are used to evaluate responses of each assessment endpoint 

exposed to a stressor (USEPA, 1997).  Community-based measurement endpoints were selected 

for community level assessment endpoints and evaluated via community toxicity values (e.g., 

surface water quality benchmarks, sediment benchmarks, vegetation screening values).  For 

population level endpoints that assess receptor guilds present within the exposure areas (as 

detailed in the conceptual site model), specific indicator species were selected to evaluate 

potential risks to these guilds.   

 Specific indicator species selected include the mourning dove (Zenaida macroura) and 

white-footed mouse (Peromyscus leucopus).  Herbivorous small mammals and seed-eating birds 

inhabiting the terrestrial habitats may indirectly consume perchlorate that has accumulated in 

vegetation as well as directly via ingestion of surface soil.  The mourning dove and white-footed 

mouse were selected to represent these feeding guilds at the Site.  The estimated contaminant 

exposure doses for each of these species will be compared to chronic No Observable Adverse 

Effect Level (NOAEL) survival, reproductive, or growth effect levels reported in the literature.  

Exceeding the chronic NOAEL indicates effects are possible. 

 For each of the individual indicator species discussed above, the assessment endpoint 

references an impact on survival, growth or reproduction of a population.  Adverse effects on 
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populations can be inferred from measures associated with impaired survival, growth or 

reproduction.   
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3.0 ANALYSIS 

3.1 Characterization of Exposure 

 Exposure represents the contact (including ingestion) of a measurement receptor with 

perchlorate through the various exposure pathways identified in Section 2.3 and the Site 

Conceptual Model presented in Section 2.4.  Exposure to community measurement receptors 

(i.e., aquatic invertebrates, terrestrial plants) is simply represented by the concentrations of 

perchlorate within the surface water, sediment or surface soil.  These concentrations are assumed 

to represent exposure point concentrations for these community receptors.  

 Exposure to the aquatic food chain is evaluated by assessing the exposure of aquatic 

organisms (e.g., aquatic macroinvertebrates, fish, amphibians) directly exposed to perchlorate 

present in surface waters and/or sediments of the Hudson Branch.  Adverse impacts to these 

receptors such as decreased populations through reduced survival or reproduction may 

subsequently adversely affect higher trophic level receptors that forage on these organisms.   

 Exposure to perchlorate via the terrestrial food chain is evaluated by modeling exposure 

to the indicator species or measurement receptors selected for the terrestrial habitat present at the 

Site.  The conceptual site model developed in the Problem Formulation place measurement 

receptors within exposure pathways that are most likely to contribute to contaminant intake. 

 For the characterization of ecological exposure and risk, the primary media of concern at 

the Site are surface water and sediment associated with the aquatic habitats of the Hudson 

Branch and surface soils within the SMC facility.   Analytical data used in the OU3 SLERA 

include all previous surface water, sediment and surface soil sampling results where perchlorate 

was analyzed.  Table 1 provides a summary of the data included in the OU3 SLERA.  The 

locations of all surface water and sediment samples are depicted in Figure 4 while surface soil 

sampling locations are depicted in Figure 5.    

 The following discussion provides an overview of the perchlorate field investigations 

conducted at the facility.  For additional information, the reader is directed to TRC (2011).  Data 

obtained as part of the site characterization were evaluated for their usability by TRC according 

to USEPA’s procedures and guidelines.  In order to provide a conservative evaluation of 
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potential risks to ecological receptors, the maximum concentration detected in each 

environmental medium was used in the OU3 SLERA to assess ecological risks.   

3.1.1 Surface Water 

Surface water samples were collected from the Hudson Branch and a reference stream 

(Burnt Mill Branch) to determine the presence, nature, and extent of surface water perchlorate 

contamination (TRC, 2011).  A total of six surface water samples were collected from locations 

along the Hudson Branch in October 2009.  The surface water samples were collected from the 

Hudson Branch near the SMC facility downstream to the mouth of the Hudson Branch just 

upstream of the point of flow into Burnt Mill Pond.  A sample was proposed to be collected from 

the headwaters of the Hudson Branch but this location was dry at the time of the sampling.  In 

addition, one surface water sample was collected at Burnt Mill Pond while another surface water 

sample was collected downstream of the outlet from Burnt Mill Pond into Burnt Mill Branch.  

One surface water sample was collected from the reference stream (Burnt Mill Branch) upstream 

of Burnt Mill Pond.  The locations of all surface water samples are depicted in Figure 3.   

 

 Sampling results for the surface water samples are also presented in Figure 3.  

Perchlorate was not detected in any of the nine surface water samples except at SW-1A, which 

was collected from Burnt Mill Branch, downstream of its outlet from Burnt Mill Pond.  

Perchlorate was detected at an estimated concentration of 1.8 µg/L at SW-1A.  

3.1.2 Sediment 

During the 2009 investigation, sediment samples were collected within the Hudson 

Branch to determine the presence, nature, and extent of sediment perchlorate contamination.  

Stream sediment sampling locations are shown on Figure 3.  A total of seven stream sediment 

samples were collected along the Hudson Branch in October 2009 (SED-2 through SED-8).  

These samples were collected from a depth of 0 to 6 inches.  Reference sediment samples were 

also collected at SED-1 and SED-9 on Burnt Mill Branch while sediment sample SED-1A was 

collected downstream of the outlet from Burnt Mill Pond into Burnt Mill Branch.     
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 Sampling results for the sediment samples are also presented in Figure 3.  Perchlorate 

was only detected in one of the ten sediment samples.   Perchlorate was detected at an estimated 

concentration of 10.9 µg/kg at SED-4.  This sample was collected from the Hudson Branch at the 

SMC Farm Parcel.  However, a duplicate sediment sample collected from this location did not 

detect perchlorate. 

3.1.3 Surface Soil 

In October 2009, a total of 46 soil samples (not including field duplicate samples) were 

collected from AOCs 1, 2 and 3 at varying depths, ranging from the surface to 16 feet below the 

surface, and analyzed for perchlorate.  However, only one of these samples was representative of 

a surface soil sample.  Sample SS-03 was collected within AOC 1 at a depth of 0 to 2 feet.  

Although perchlorate was not detected in this surface soil sample, it was detected in samples 

collected at deeper depths, with a maximum concentration of 58.3 µg/kg at a depth of five to 

seven feet below the surface.   

 

Nine surface soil samples (0 to 1 foot in depth) were subsequently collected in August 

2012 to assess perchlorate concentrations in surface soils.  Two samples each were collected 

from AOC 1 and AOC 2 while four surface soil samples were collected from AOC 3.  One 

additional surface soil sample was collected from a reference area.   

 

The locations and perchlorate sampling results of each surface soil sample collected at 

the SMC facility are presented in Figure 5.  Perchlorate was only detected in one of the ten 

surface soil samples.   Perchlorate was detected at an estimated concentration of 5.9 µg/kg at SS-

21.  This sample was collected from AOC 2, associated with the Former Production Area.   

 

3.1.4 Food Chain Exposure 

 The mourning dove and white-footed mouse would be exposed to perchlorate directly 

through soil ingestion and indirectly via ingestion of vegetation that is in direct contact with 

contaminated surface soil.  The purpose of the exposure assessment is to formulate these 

exposure pathways into algorithms that can predict an estimate of total exposure. 
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 The methods and calculations required for quantification of exposure doses are described 

within this section.  Exposure to contaminants at the Site by the selected indicator species is 

estimated by the following equation: 

 ED = [(SSconc x SSdiet) + (Pconc x Pdiet)](FIR)(AUF)(TUF) /BW 

Where: 

ED = Exposure Dose (mg/kg-body weight-day); 
SSconc = Surface Soil perchlorate concentration (mg/kg); 
SSdiet = % of diet surface soil comprises; 
Pconc = Plant perchlorate concentration (mg/kg); 
Pdiet = % of diet plants (foliage or seeds) comprise; 
FIR = Food ingestion rate – dry weight basis (kg/day); 
TUF = Temporal use factor (% of year at exposure area);  
AUF = Area use factor (% of home range comprised of exposure area); and 
BW = Body weight of indicator species (kg). 

 
 Dietary information for the selected indicator species was obtained from Sample and 

Suter (1994), USEPA (1993) and Nagy (2001).  Specifically, food ingestion rates, body weights, 

as well as surface soil ingestion rates were obtained from these sources.  In accordance with 

USEPA (1997) guidance, conservative assumptions were used in the OU3 SLERA.   

Perchlorate Concentrations in Plants 

 Concentrations of perchlorate in vegetation (both stems/foliage and fruits/seeds) were 

determined by multiplying the maximum surface soil perchlorate concentration by an appropriate 

plant uptake factor.  The estimated perchlorate concentration within plant tissue was estimated 

using a previous study where both plant and soil concentrations were reported.  A plant uptake 

factor of 43 was previously reported (Ellington et al., 2000) for perchlorate concentrations in 

tobacco leaves (wet weight) compared to soil (dry weight).  Applying this factor to the maximum 

surface soil perchlorate concentration (5.9 µg/kg) results in a maximum perchlorate plant tissue 

concentration of 0.254 mg/kg.      

Exposure Estimation for Avian/Mammalian Receptors 

 The daily dose estimate was calculated for the mourning dove and white-footed mouse 

based on the maximum perchlorate concentration detected within surface soil samples collected 

from the Site.  The maximum perchlorate concentration detected is a very conservative 
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assessment of exposure since areas where maximum perchlorate concentrations were detected 

are unlikely to provide more suitable habitat for the receptors than areas where perchlorate was 

undetected.  In addition, it was conservatively assumed that the location of the maximum 

detected concentration provides the entire foraging area of each receptor species and that each 

receptor species is present within that portion of the Site year-round.   

 Surface soil ingestion rates were calculated by multiplying estimates of surface soil 

ingestion found in the literature (expressed as a percentage of total food intake) by the food 

consumption rate.  Exposure factors for both of the receptor species are presented below.   

Mourning Dove 

 A body weight of 120 grams (0.12 kg) and an ingestion rate of 16.6 grams food (dry 

weight) per day were obtained from the literature (USEPA, 1993; Nagy, 2001) for this 

herbivorous avian species.  The maximum perchlorate surface soil concentration was used to 

estimate incidental soil ingestion (9.3% of diet based on wild turkey soil ingestion rate from 

Beyer et al., 1994) and to estimate plant seed perchlorate concentrations.  It is assumed that the 

mourning dove diet is comprised of 100% plant seeds and that this species forages at the Site 

year-round.  The resulting estimated maximum daily dose of perchlorate ingested by the 

mourning dove is presented in Table 2.   

White-footed Mouse 

 A white-footed mouse body weight of 22 grams (0.022 kg) and an ingestion rate of 3.0 

grams food (dry weight) per day were obtained from the literature (Sample and Suter, 1994; 

Nagy, 2001).  Diet composition of the white-footed mouse was assumed to be 100% vegetation 

(foliage).  The maximum perchlorate surface soil concentration was used to estimate maximum 

plant concentrations for the Site (see above) and to calculate a soil ingestion dose based on an 

estimate of soil ingestion representing 2% of the mouse diet (Sample and Suter, 1994).  The 

resulting estimated maximum daily dose of perchlorate ingested by the white-footed mouse is 

presented in Table 2.   
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3.2 Characterization of Effects 

 An ecotoxicity literature review has been performed for perchlorate and is discussed in 

the following subsections.  Aquatic ecotoxicity information is provided for perchlorate in surface 

water and sediment as well as available ecotoxicity surface soil data for terrestrial receptors such 

as vegetation, soil invertebrates and wildlife.   

 The screening-level ecological effects characterization consists of establishing ecological 

toxicity reference values (TRVs) that represent conservative thresholds for adverse ecological 

effects consistent with the assessment endpoints for the ecological receptors evaluated in the 

OU3 SLERA.  Surface water and/or sediment quality criteria or benchmarks were used to assess 

potential impacts on the fish, amphibian, and aquatic invertebrate communities inhabiting the 

Hudson Branch while soil screening benchmarks associated with adverse effects on terrestrial 

vegetation and soil invertebrates were used to evaluate impacts to plants and invertebrates within 

the terrestrial habitats.  Risks via food chain exposure to herbivorous birds and mammals were 

evaluated by comparing modeled ingestion doses of perchlorate to TRVs for perchlorate 

developed for avian and mammalian receptors.  

3.2.1 Surface Water Quality Benchmarks 

Aquatic invertebrates (as well as other organisms such as fish and amphibians) present 

within the aquatic habitat of the Hudson Branch may be exposed to surface water concentrations 

of perchlorate.  A review of aquatic toxicity data for perchlorate was conducted and included 

screening values as well as additional effects levels reported in the scientific literature.  

Available toxicity data include both chronic and acute studies relating to adverse effects to 

aquatic invertebrates, fish and amphibians. The surface water perchlorate toxicity data for the 

fish, amphibian and aquatic invertebrate communities are presented in Table 3.   

 

USEPA (2002) reviewed the available toxicological data on surface water concentrations 

of perchlorate and calculated secondary chronic and acute values based on the procedures used to 

derive Tier II water quality values (Suter and Tsao, 1996).  These values were calculated based 

on available toxicity data for Ceriodaphnia dubia (water flea) and Pimephales promelas (fathead 
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minnow).  The Tier II secondary chronic value of 600 µg/L presented in USEPA (2002) was 

selected as the TRV for the fish community and the aquatic invertebrate community.   

 

Adverse effects to amphibians were noted at lower concentrations than the Tier II 

secondary chronic value.  A summary of available amphibian toxicological studies involving 

various amphibians and perchlorate is provided in USACHPPM (2007).  Based on their review 

of the available toxicological data, a surface water TRV of 23 µg/L was recommended as a 

screening value for amphibians, although the confidence in this value is low (USACHPPM, 

2007).  The 23 µg/L concentration is associated with a slight adverse effect on amphibian growth 

and larvae metamorphosis period but is below concentrations where no adverse impacts were 

observed in various studies.   

 

3.2.2 Sediment Quality Benchmarks 

Aquatic invertebrates present within the aquatic habitats provided by the Hudson Branch 

may also be exposed to sediment concentrations of perchlorate.  A review of the literature did 

not identify any sediment toxicity data or screening values for perchlorate.  Perchlorate is 

generally not expected to be adsorbed or retained in sediment, as it is highly soluble and unlikely 

to bind with anionic particles such as soils or humic substances (USEPA, 2002).   

 

In that perchlorate is similar to many volatile organic compounds (VOCs) by being very 

soluble and possessing a low log Kow value,  a modification of the equilibrium partitioning 

approach used for VOCs (Fuchsman, 2003) was applied to perchlorate in order to develop a 

screening sediment concentration for the aquatic benthic invertebrate community.  The equation 

to calculate the sediment quality benchmark is (Fuchsman, 2003): 

 
SQB = WQB [(foc)(Koc) + (1 – fsolids) / fsolids)] 

 
Where: 

SQB = Sediment Quality Benchmark (mg/kg); 
WQB = Water Quality Benchmark (mg/L); 
foc = Fraction organic carbon in sediment; 
Koc = Organic carbon – water partition coefficient (L/kg); 
fsolids = Fraction of sediment present as solids. 
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 The surface water quality TRV discussed above (600 µg/L or 0.6 mg/L) was used to 

calculate the sediment quality benchmark for perchlorate.  The log Koc of perchlorate is estimated 

to be 1.687 (USACHPPM, 2007) or Koc is 48.64 L/kg.  Perchlorate was only detected in SED-04.  

Although the organic carbon or percent solids were not analyzed from this sample, sediment 

samples SD-04A, SD-04B, SD-04N and SD-04S were collected for OU2 in close proximity to 

SED-04 and analyzed for one or more of these parameters.  The mean foc from the SED-04 

samples is 19.9 percent (0.199) while the mean fsolids is 59.1 percent (0.591).  Solving for the 

SQB in the equation above results in a perchlorate sediment quality benchmark of 6.22 mg/kg.   

3.2.3 Surface Soil Benchmarks 

TRVs for terrestrial plants and soil invertebrates were obtained from available plant and 

soil invertebrate toxicity data presented in Callahan and Sprenger (1998).  The surface soil 

perchlorate toxicity data for the plant and soil invertebrate communities are presented in Table 4.  

Plant toxicity data includes tests done within soil and sand that evaluated effects of sodium 

perchlorate on Lactuca sativa (lettuce) growth.  The lowest NOAEL for soil/sand (20 mg/kg) 

was selected as a conservative plant TRV.  It should be noted that this TRV is based on wet 

weight which is expected to be very conservative for comparing to perchlorate soil 

concentrations that are reported on a dry weight basis.   

 

Only one study (with two tests) was available in the literature for perchlorate and its 

effects on soil invertebrates.  Callahan and Sprenger (1998) reported an LC50 of 4,450 mg/kg for 

two tests that evaluated survival of Eisenia foetida (red earthworm) after exposure to sodium 

perchlorate for 7 and 14 days.  An uncertainty factor of 100 was applied to this LC50 in order to 

be conservative in evaluating potential chronic risks to soil invertebrates (Wentsel et al., 1996).  

Similar to the plant TRV, the soil invertebrate TRV (44.5 mg/kg) is based on wet weight, which 

is expected to be very conservative for comparing to perchlorate soil concentrations that are 

reported on a dry weight basis.   
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3.2.4 Wildlife Ecotoxicity Benchmarks 

 For the OU3 SLERA, USEPA (1997) requires the use of chronic NOAELs as a 

conservative estimate of ecotoxicity.  Because toxicity data for the selected receptor species are 

generally unavailable, it is necessary to extrapolate toxicity data from other species, usually 

laboratory test animals.  However, the test endpoints for the laboratory species should be 

significant to the measurement receptor species under field conditions.  Endpoints that are 

generally considered significant include adverse effects on growth, reproduction, and survival 

that are most likely to result in adverse effects to wild populations of receptors.  TRVs selected 

for perchlorate for the bird and mammal herbivores are discussed and presented in USACHPPM 

(2007).   

 Mammalian toxicological data regarding perchlorate is extensive and indicate a general 

lack of adverse effects overall (USACHPPM, 2007).  Adverse effects on reproduction were not 

observed while effects on survival were only noted at very high concentrations.  The primary 

target organ for perchlorate toxicity is the thyroid gland (USACHPPM, 2007).  Although 

changes in thyroid structure and function were reported in various studies, the relevance of this 

endpoint to a wild mammal population is questionable (USACHPPM, 2007).  Based on the 

USACHPPM (2007) review of mammalian toxicity studies, a three-month study evaluating 

adverse effects on rabbit survival and the nervous system was selected for the derivation of a 

mammal TRV.  A LOAEL of 190 mg/kg/day was reported for nervous system effects while an 

LD50 of 635 to 1,610 mg/kg-BW/day was also reported from the same study.  An uncertainty 

factor of 100 was applied to the 635 mg/kg-BW/day LD50 to derive a chronic mammal TRV of 

6.35 mg/kg-BW/day.  A moderate level of confidence was assigned to this TRV (USACHPPM, 

2007). 

 Perchlorate toxicity studies on avian species reported effects on thyroid hormone levels 

as well as tibia length (USACHPPM, 2007).  Nestling birds that exhibit lower growth rates 

(represented by tibia length) may be more vulnerable to predation which can be important to the 

health of an avian population.  Based on an eight week study evaluating the effects of perchlorate 

on bobwhite quail, a chronic TRV of 130 mg/kg-BW/day was derived.  An uncertainty factor of 

10 was applied to this chronic TRV, as toxicological data is only available for one test species 
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from a single taxonomic order (USACHPPM, 2007).  The final avian chronic TRV is 13 mg/kg-

BW/day and is given a low-moderate level of confidence (USACHPPM, 2007). 
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4.0 RISK CHARACTERIZATION 

 Quantitative risk estimates for this OU3 SLERA were calculated using the hazard 

quotient (HQ) approach, which compares the exposure estimates of perchlorate with the 

applicable ecotoxicity benchmark.  The hazard quotient is expressed as the ratio of the 

perchlorate exposure estimate, represented by the maximum environmental media concentration 

(e.g., sediment) or the maximum estimated exposure dose for the wildlife indicator species, to 

the perchlorate ecotoxicity benchmark (i.e., TRV). 

 If the calculated hazard quotient is one or less, then it is unlikely that perchlorate will 

result in an adverse effect on that measurement receptor.  Conversely, a hazard quotient greater 

than one indicates that that particular measurement receptor may be at risk of an adverse effect 

from perchlorate.  It is important to note that HQs provide only a general characterization of 

potential impacts to the local biota.  An HQ less than one is indicative of non-risk, however, an 

HQ greater than unity does not in itself represent an unacceptable risk.  Other site-specific 

factors present at the Site may affect the initial screening calculation.  The calculated risk 

estimates are presented in Table 5 and discussed below.  

4.1 Fish Community 

 Fish are not expected to be significantly exposed to perchlorate present in sediment.  Due 

to its very high solubility, perchlorate in sediment is likely associated with sediment pore water.  

Perchlorate present in pore water may be discharged to the overlying surface water where fish 

exposure may subsequently occur.  The maximum surface water concentration of 1.8 µg/L is 

well below the surface water screening TRV of 600 µg/L, resulting in a HQ of 0.003.  Therefore, 

perchlorate concentrations within the surface waters of the Hudson Branch are not expected to 

result in any adverse effects to the fish community present within this stream. 

4.2 Aquatic Macroinvertebrate Community 

 Risk to the aquatic invertebrate community from the detected concentrations of 

perchlorate within the surface water and sediments of the Hudson Branch were assessed by 

comparing maximum concentrations of perchlorate in surface water and sediment samples with 

TRV benchmarks generally associated with threshold chronic effects to aquatic biota.  The 

results of these comparisons are discussed below by environmental medium.   
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4.2.1 Surface Water 

Risk to aquatic invertebrates inhabiting the aquatic habitat associated with the Hudson 

Branch was evaluated.  The evaluation compared the maximum detected concentration of 

perchlorate within the surface water of the Hudson Branch (1.8 µg/L) with the aquatic 

invertebrate chronic toxicity benchmark (600 µg/L).  The maximum detected concentration of 

perchlorate results in a HQ of 0.003, indicating little risk potential to aquatic invertebrates 

inhabiting the surface water of the Hudson Branch.   

 

4.2.2 Sediment 

 Risk to the aquatic invertebrate community from the detected concentration of 

perchlorate within the sediments of the Hudson Branch were assessed by comparing the 

maximum detected concentration of perchlorate in the sediment (10.9 µg/kg) with the calculated 

TRV benchmark of 6.22 mg/kg.  The results of this comparison indicate that perchlorate is not 

expected to result in adverse effects to the benthic invertebrate community present within the 

Hudson Branch, as the maximum detected concentration of perchlorate results in a HQ of 0.002.    

4.3 Amphibian Community 

 The maximum surface water concentration of 1.8 µg/L is well below the surface water 

screening TRV of 23 µg/L for the amphibian community which results in a HQ of 0.08.  

Therefore, perchlorate concentrations within the surface waters of the Hudson Branch are not 

expected to result in any adverse effects to the amphibian community present within this stream. 

4.4 Terrestrial Plant Community 

 Risk to the terrestrial plant communities from the detected concentration of perchlorate 

within the surface soil of the SMC facility was assessed by comparing the maximum detected 

concentration of perchlorate with a TRV benchmark associated with no adverse effects to 

vegetation.  The results of this comparison are presented in Table 5.  The maximum detected 

concentration of perchlorate (5.9 µg/kg) is less than its plant TRV (20 mg/kg).  Therefore, 

perchlorate is unlikely to affect the plant community at the SMC facility.   
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4.5 Soil Invertebrate Community 

 Risk to the soil invertebrate community from the maximum detected concentration of 

perchlorate within the surface soil of the SMC facility was assessed by comparing this 

concentration with a TRV benchmark likely associated with no adverse effects to soil 

invertebrates.  The maximum detected concentration of perchlorate (5.9 µg/kg) is less than its 

soil invertebrate TRV (44.5 mg/kg) indicating perchlorate is unlikely to affect the soil 

invertebrate community at the SMC facility. 

4.6 Terrestrial Wildlife Receptors 

 Table 5 presents estimated risks to the herbivorous mourning dove and white-footed 

mouse from maximum detected perchlorate concentrations in the surface soil of the SMC 

Facility.  Results are discussed below for each receptor.   

4.6.1 Avian Herbivores/Granivores 

 The risk to the granivorous mourning dove from the maximum detected perchlorate 

concentration in the SMC Facility surface soil samples was evaluated by comparing the 

maximum estimated exposure dose (0.0345 mg/kg-BW/day) to the avian chronic NOAEL TRV 

(13 mg/kg-BW/day).  The HQ is 0.003, indicating avian herbivores/granivores foraging at the 

SMC facility are not expected to be adversely affected by concentrations of perchlorate present 

in the surface soil.   

4.6.2 Mammalian Herbivores 

 As presented in Table 5, the HQ is 0.005 for the white-footed mouse based on the 

maximum estimated exposure dose and the mammalian chronic NOAEL TRV.  Therefore, 

perchlorate concentrations within the surface soils are unlikely to result in any adverse effect to 

foraging mammalian herbivores within the SMC facility.   

4.7 Uncertainty 

 There are considerable uncertainties associated with estimates of risk in any SLERA, as 

the risk estimates are based on a number of assumptions regarding exposure and toxicity.  A 

thorough understanding of the uncertainties associated with risk estimates is critical to 

understanding predicted risks and placing them in proper perspective.  In general, the OU3 
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SLERA was very conservative in its evaluation of perchlorate risks as maximum detected 

concentrations were used and compared to conservative TRVs.   

4.7.1 Exposure Estimation 

 Exposure estimates for indicator species are a source of uncertainty in the OU3 SLERA.  

Values for exposure parameters (e.g., body weight, food intake rate, soil ingestion rate) were 

based on literature values, not site-specific data.  However, the approach maintained in the OU3 

SLERA was to utilize conservative exposure parameters while maintaining a realistic evaluation 

of the potential for risk.  

 The bioaccumulative potential of perchlorate into plants may vary among species, and 

even within different parts of the plant.  Previous studies have shown that the greatest perchlorate 

concentration within vegetation is within the leaves followed by stem concentrations.  Therefore, 

the assumption that seeds of plants contain a similar plant uptake factor as leaves may be overly 

conservative.     

 In general, there is confidence that data collected for the SLERA represent the types and 

distributions of sediment and surface soil contaminants within the terrestrial and aquatic habitats 

present at or in the vicinity of the Site.  Conservative assumptions were also made about 

exposure duration and site use factors.  In particular, maximum exposure scenarios are very 

conservative, as they assume the highest sample concentrations for a contaminant was spread 

evenly over the entire range of an organism’s residence or foraging range.  With the exception of 

plants and some invertebrates, this assumption is very conservative, because the wildlife receptor 

species would not likely be confined to an area representative of a single sample within the 

exposure areas.  Consequently, maximum exposure estimates for most of the models are worst-

case scenarios that tend to grossly overestimate exposure.   

4.7.2 Toxicological Data 

 Toxicity values for indicator species and communities were based on literature values.  

As is the case for literature-based exposure parameter values, this is a major source of 

uncertainty in the OU3 SLERA.  The sensitivity of receptors in the exposure areas associated 
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with the Site may be different than the sensitivity of species used in tests reported in the 

literature.   

Assumptions about the equality of perchlorate form between laboratory tests and site 

field conditions must also be made.  This is a source of uncertainty, since toxicity may vary with 

the form of the toxicant in the environment.  Most of the laboratory toxicity tests were conducted 

with either ammonium perchlorate or sodium perchlorate while potassium chlorate is believed to 

be the primary perchlorate form present at the Site.  Thus, the actual toxicities of perchlorate 

evaluated in this OU3 SLERA could be higher or lower than indicated by the TRVs used in the 

development of HQs.   

 

The equilibrium partitioning approach for VOCs was used to calculate the sediment TRV for 

perchlorate.  Perchlorate is an inorganic compound but exhibits characteristics similar to a 

volatile organic compound.  The USEPA EPI Suite software (USEPA, 2000) calculates both Kow 

and Koc values for perchlorate.  Due to its very high solubility, perchlorate is not expected to 

adsorb to sediment particles.  The detected concentration of perchlorate in sediment (estimated 

value of 10.9 µg/kg) may be attributable to the presence of perchlorate in the sediment 

porewater.  However, even if present within the porewater at a similar amount, the concentration 

of perchlorate would be well below the surface water TRV of 600 µg/L.   
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5.0 SUMMARY 

 Five indicator communities (fish, aquatic invertebrates, amphibians, terrestrial vegetation 

and soil invertebrates) and two indicator species (mourning dove and white-footed mouse) were 

selected to evaluate risks associated with exposure to perchlorate detected in the surface soil, 

surface water and/or sediment samples collected from the Site.  Endpoints in the OU3 SLERA 

were selected to represent ecological attributes that are to be protected (assessment endpoints) 

and a measurable characteristic of those attributes (measurement endpoints) that can be used to 

gauge the degree of impact that has or may occur.  A comparison of the maximum surface water, 

sediment or surface soil perchlorate concentrations to conservative chronic TRV benchmarks 

was conducted to determine if perchlorate concentrations pose a potential risk to populations of 

ecological receptors.   

 A summary of the findings evaluated in the OU3 SLERA is presented in Table 5.  Based 

on the analysis of the seven selected indicators/endpoints in the OU3 SLERA for the terrestrial 

and aquatic habitats provided by the SMC facility and the Hudson Branch, the results indicate 

that maximum detected concentrations of perchlorate in surface soil, surface water, and sediment 

are unlikely to pose a risk to the terrestrial and aquatic communities present.  Therefore, in 

accordance with EPA risk assessment procedures, no further evaluation of perchlorate risks to 

ecological receptors at the Site is warranted or recommended.   
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Table 1
Summary of Surface Water, Sediment and Surface Soil Perchlorate Samples

OU3 Screening Level Ecological Risk Assessment
SMC Facility

Newfield, New Jersey

Page 1 of 1

Sample Sample
Sample Name Date Depth (in.) Analyses Notes

Surface Water
SW-1 10/28/2009  - Perchlorate Reference Area Sample

SW-1A 10/28/2009  - Perchlorate  
SW-2 10/28/2009  - Perchlorate
SW-3 10/28/2009  - Perchlorate
SW-4 10/28/2009  - Perchlorate

SW-10 10/28/2009  - Perchlorate Field Duplicate of SW-4
SW-5 10/28/2009  - Perchlorate  
SW-6 10/28/2009  - Perchlorate
SW-7 10/29/2009  - Perchlorate
SW-9 10/29/2009  - Perchlorate Reference Area Sample

    
Sediment    

SED-1 10/28/2009 0 - 6 Perchlorate
SED-1A 10/28/2009 0 - 6 Perchlorate
SED-2 10/28/2009 0 - 6 Perchlorate  
SED-3 10/28/2009 0 - 6 Perchlorate
SED-4 10/28/2009 0 - 6 Perchlorate

SED-10 10/28/2009 0 - 6 Perchlorate Field Duplicate of SED-4
SED-5 10/28/2009 0 - 6 Perchlorate
SED-6 10/28/2009 0 - 6 Perchlorate
SED-7 10/29/2009 0 - 6 Perchlorate
SED-8 10/29/2009 0 - 6 Perchlorate
SED-9 10/29/2009 0 - 6 Perchlorate

Surface Soil
AOC 1 (Former Chemical Storage Building)

SS-03 10/26/2009 0 - 24 Perchlorate, Percent Solids, Specific Conductivity
SS-04 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity
SS-05 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity

AOC 2 (Former Furnace Building)
SS-21 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity
SS-24 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity

AOC 3 (Former Lagoon Area)
SS-09 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity
SS-13 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity
SS-15 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity
SS-20 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity

Reference Area
SS-01 8/30/2012 0 - 12 Perchlorate, Percent Solids, Specific Conductivity Reference Area Sample



Table 2
Mourning Dove and White-Footed Mouse Maximum Estimated Perchlorate Exposure Dose - Terrestrial/Wetland Habitats

OU3 Screening Level Ecological Risk Assessment
SMC Facility

Newfield, New Jersey

Page 1 of 1

 Receptor Species

Maximum 
Surface Soil 

Concentration 
(mg/kg) 

Maximum 
Terrestrial 
Vegetation 

Concentration 
(mg/kg)

Food 
Ingestion 

Rate 
(kg/day)

Surface 
Soil 

Ingestion 
Rate 

(kg/day)

Body 
Weight 

(kg)

Area Use 
Factor

Temporal 
Use Factor

Terrestrial Plant 
Exposure Dose 

(mg/kg/BW-
day)1

Surface Soil 
Exposure Dose 

(mg/kg/BW-
day)2

Total Maximum 
Exposure Dose 

(mg/kg/BW-
day)3

Mourning Dove   
Perchlorate 5.90E-03 2.54E-01 0.0166 0.0015 0.120 1.00 1.00 3.51E-02 7.38E-05 3.52E-02

Perchlorate 5.90E-03 2.54E-01 0.0030 0.0001 0.022 1.00 1.00 3.46E-02 2.68E-05 3.47E-02

Notes:
1  Maximum plant concentration * food ingestion rate * area use factor * temporal use factor divided by body weight.
2  Maximum surface soil concentration * surface soil ingestion rate * area use factor * temporal use factor divided by body weight.
3  Sum of maximum vegetation and surface soil exposure doses.

White-Footed Mouse



Table 3
Surface Water Toxicity Reference Values 

OU3 Screening Level Ecological Risk Assessment
SMC Facility

Newfield, New Jersey

Page 1 of 1

Ammonium Perchlorate 23 African Clawed Frog Chronic LOAEL - Growth/Metamorphosis (mild) Goleman and Carr, 2006 in USACHPPM, 2007
Ammonium Perchlorate 60 African Clawed Frog Chronic NOAEL - Forelimb Emergence Goleman et al., 2002b in USACHPPM, 2007
Ammonium Perchlorate 60 African Clawed Frog Chronic LOAEL - Sex Ratio Goleman et al., 2002b in USACHPPM, 2007

Sodium Perchlorate 69 African Clawed Frog Subchronic NOAEL - Development Tietge et al., 2005 in USACHPPM, 2007
Sodium Perchlorate 137 African Clawed Frog Subchronic LOAEL - Metamorphosis Tietge et al., 2005 in USACHPPM, 2007

Perchlorate Ion 600 All aquatic organisms Tier II - Secondary Chronic Value USEPA, 2002
Potassium Perchorate 3,630 Gray Treefrog tadpoles EC50 - Metamorphosis Sparling et al., 2003 in USACHPPM, 2007

Perchlorate Ion 5,000 All aquatic organisms Tier II - Secondary Acute Value USEPA, 2002
Ammonium Perchlorate 9,600 Ceriodaphnia dubia Chronic NOAEL - Survival/Reproduction Block Environmental Services in USEPA, 2002
Ammonium Perchlorate 9,600 Fathead Minnow Subchronic NOAEL - Survival/Growth Block Environmental Services in USEPA, 2002

Sodium Perchlorate 10,000 Ceriodaphnia dubia Chronic NOAEL - Survival/Reproduction Callahan and Sprenger, 1998
Ammonium Perchlorate 10,645 African Clawed Frog Chronic LOAEL - Growth/Metamorphosis Goleman and Carr, 2006 in USACHPPM, 2007
Ammonium Perchlorate 11,900 African Clawed Frog Chronic LOAEL - Forelimb Emergence Goleman et al., 2002b in USACHPPM, 2007
Ammonium Perchlorate 15,000 Ceriodaphnia dubia Chronic Value Block Environmental Services in USEPA, 2002

Sodium Perchlorate 18,200 Ceriodaphnia dubia Chronic Value Callahan and Sprenger, 1998
Ammonium Perchlorate 24,000 Ceriodaphnia dubia Chronic LOAEL - Survival/Reproduction Block Environmental Services in USEPA, 2002
Ammonium Perchlorate 30,000 Fathead Minnow Chronic Value Block Environmental Services in USEPA, 2002

Sodium Perchlorate 33,000 Ceriodaphnia dubia Chronic LOAEL - Survival/Reproduction Callahan and Sprenger, 1998
Sodium Perchlorate 66,000 Ceriodaphnia dubia Chronic LC50 (7 days) Callahan and Sprenger, 1998

Ammonium Perchlorate 77,800 Ceriodaphnia dubia Chronic LC50 (6 days) Block Environmental Services in USEPA, 2002
Ammonium Perchlorate 96,000 Fathead Minnow Subchronic LOAEL - Survival/Growth Block Environmental Services in USEPA, 2002

Sodium Perchlorate 155,000 Fathead Minnow Subchronic NOAEL - Survival/Growth Callahan and Sprenger, 1998
Ammonium Perchlorate 189,000 African Clawed Frog Chronic LC50 (70 days) Goleman et al., 2002a in USACHPPM, 2007

Sodium Perchlorate 208,000 Fathead Minnow Chronic Value Callahan and Sprenger, 1998
Ammonium Perchlorate 270,000 Fathead Minnow Subchronic LC50 (7 days) Block Environmental Services in USEPA, 2002

Sodium Perchlorate 280,000 Fathead Minnow Subchronic LOAEL - Survival/Growth Callahan and Sprenger, 1998
Ammonium Perchlorate 329,000 N. Leopard Frog tadpoles Acute LC50 (96 hours) Sparling and Harvey, 2006 in USACHPPM, 2007
Ammonium Perchlorate 432,000 African Clawed Frog Acute LC50 (5 days) Goleman et al., 2002a in USACHPPM, 2007

Sodium Perchlorate 490,000 Daphnia magna Acute LC50 (48 hours) Callahan and Sprenger, 1998
Ammonium Perchlorate 510,000 African Clawed Frog Acute LC50 Goleman and Carr, 2006 in USACHPPM, 2007

Sodium Perchlorate 614,000 Fathead Minnow Subchronic LC50 (7 days) Callahan and Sprenger, 1998
Sodium Perchlorate 1,655,000 Fathead Minnow Acute LC50 (96 hours) Callahan and Sprenger, 1998
Sodium Perchlorate 2,780,000 African Clawed Frog Acute LC50 Goleman and Carr, 2006 in USACHPPM, 2007
Sodium Perchlorate 5,100,000 Green Frog tadpoles EC50 - Loss of Equilibrium Dean et al., 2004 in USACHPPM, 2007
Sodium Perchlorate 5,500,000 Green Frog tadpoles Acute LC50 (96 hours) Dean et al., 2004 in USACHPPM, 2007

Perchlorate Form EndpointSpecies
Perchlorate Ion 
Concentration 

(ug/L)
Reference



Table 4
Surface Soil Toxicity Reference Values 

OU3 Screening Level Ecological Risk Assessment
SMC Facility

Newfield, New Jersey

Page 1 of 1

Sodium Perchlorate 20.0 Lettuce NOAEL - Growth (Sand) Callahan and Sprenger, 1998
Sodium Perchlorate 28.3 Lettuce Chronic Value (Sand) Callahan and Sprenger, 1998
Sodium Perchlorate 30.0 Lettuce IC25 - Growth (Soil) Callahan and Sprenger, 1998
Sodium Perchlorate 34.3 Lettuce IC25 - Growth (Sand) Callahan and Sprenger, 1998
Sodium Perchlorate 40.0 Lettuce NOAEL - Growth (Soil) Callahan and Sprenger, 1998
Sodium Perchlorate 40.0 Lettuce LOAEL - Growth (Sand) Callahan and Sprenger, 1998
Sodium Perchlorate 56.6 Lettuce Chronic Value (Soil) Callahan and Sprenger, 1998
Sodium Perchlorate 80.0 Lettuce LOAEL - Growth (Soil) Callahan and Sprenger, 1998
Sodium Perchlorate 4,450 Red Earthworm LC50 (7 days) Callahan and Sprenger, 1998
Sodium Perchlorate 4,450 Red Earthworm LC50 (14 days) Callahan and Sprenger, 1998

Perchlorate Form EndpointSpecies
Perchlorate Ion 
Concentration 

(mg/kg - wet wt)
Reference



Table 5
Risk Characterization - Maximum Perchlorate Concentrations

OU3 Screening Level Ecological Risk Assessment
SMC Facility

Newfield, New Jersey

Page 1 of 1

Fish Community
Perchlorate - Surface Water 1.8 µg/L 600 µg/L 3E-03

Aquatic Invertebrates
Perchlorate - Surface Water 1.8 µg/L 600 µg/L 3E-03

Perchlorate - Sediment 10.9 µg/kg 6220 µg/kg 2E-03
Amphibian Community

Perchlorate - Surface Water 1.8 µg/L 23 µg/L 8E-02
Terrestrial Plant Community

Perchlorate - Surface Soil 5.9 µg/kg 20,000 µg/kg 3E-04
Soil Invertebrate Community

Perchlorate - Surface Soil 5.9 µg/kg 44,500 µg/kg 1E-04
Mourning Dove - Avian Granivore

Perchlorate - Surface Soil 0.0352 mg/kg-BW/day 13 mg/kg-BW/day 3E-03
White-Footed Mouse - Mammalian Herbivore

Perchlorate - Surface Soil 0.0347 mg/kg-BW/day 6.35 mg/kg-BW/day 5E-03

Notes:  
 1  Maximum exposure concentrations from text and Table 2.
 2  TRVs identified in Section 3.2 of text.
 3  HQ (Hazard Quotient) = Maximum exposure concentration / TRV.

Maximum Exposure 
Concentration1Receptor TRV2 Hazard 

Quotient3
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